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That oleetricity and maj?nctism arc 
closely related lias been known for more 
than a century. It is then logical to 
expect that the forces which direct the 
compass, terrestrial maj^netism^ and the 
electric phenomena of the earth, terres- 
trial eleetricity, are also related in some 
measure and that a knowled^?e of one 
may assist in an uuderstandinjif of tlie 
other. Quite appropriately then both 
these subjects liav(» been from the start 
included in the profifram of research of 
the Departmmit of Terrestrial Mapfnet- 
ism of the (^arnep^ie Institution of 
Washington, with whieli department the 
writer has, during the past eight years, 
been associated in the investigation of 
terrestrial eleetricity. 

Terrestrial electricity lias two natural 
major subdivisions, namely, atmospheric 
electricity, in which the electrical condi- 
tion of the atmosphere is the matter of 
chief concern, and the electric currents 
which circulate within the earth. 

Electric currents in the eartirs crust 
may arise from a nundier of sources. 
That a steady current from the air 
to the earth in ordinary weather is 
shown by measurements of the electrical 
condition of the atmospliere. This is so 
small that an area of 100,000 sijuare 
miles receives a little less than ‘one am- 

1 Lecture delivered at the Oarnegie Institu- 
tion of Washington, April Ifi, ID.'IO. 


pere. Currents are generated in parts 
of the earth by chemical jirocesses which 
take place there. Such currents liave 
been found associated uitli hodi(*s of 
some minerals and have been of use in 
prospecting for them. No doubt small 
electric currents arise from temperature 
differences in the earth. Evidence of 
such has b(‘en found in the vicinity of 
an active volcano. Electric currents 
are generated when a portion of the 
eartli is set into motion in such a way as 
to move relative to the earth’s magnetic 
field. Curnmts generated in this man- 
ner by strong tides have been dctect(‘d. 
The electric currents developed in the 
sea by such ocean currcmls, as, for exam- 
ple, the Gulf Stream, may play a part 
of somi* importance to geology, such, for 
exampli*, as the coneentration of metals 
just as occurs in electroplating. Sud- 
den pulses of electricity arising fn rn 
lightning discliargi's and lasting up- 
wards of one thousandth of a second 
occur at the rat(» of about 100 ])(*r second 
for the entire earth. Other but less 
spectacular discharges from tlu* atmos- 
phere to the earth take place during 
snow-storms, dust-storms, volcanic erup- 
tions, etc., and give rise to correspond- 
ing enrrent in the earth Currents 
which stray from electric-power sys- 
tems, especially electric railva\s, fre- 
quently occur in considerahh* intensity 
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in the vicinity of most cities. These are 
of some economic concern because of the 
part they play at times in promoting 
tlie corrosion of underground steel 
structures, pipe-lines, etc. They also 
become a matter of much anxiety to 
those who have to do with th(‘ operation 
of magnetic observatories, because the 
magnetic effects which they produce are 
often much lai’giT than the phenomena 
of the earth’s magnetism which it is 
sought to study. 

The natural electric currents of the 
oarth’s crust of which I wisli to speak 
are, however, quite different in charac- 
ter and origin from any of tliose just 
mentioned. Th(»se currents are gen- 
erally referred to by tlie name ‘‘earth- 
currents.” However, that term is also 
applied to the currents which w’ander 
from electric raihvay systems and which 
as already mentioned constitute a jiest 
in the investigation of the earth’s mag- 
m*tism and to no less an extent in the 
investigation of the natural earth- 
currents. The term “vagabond cur- 
rents’’ has also been applied to them, 
quite justly. 


The natural earth-currents, or simply 
earth-currents, were discovered by the 
effect which they produced on the first 
long telegraph lines. It w^as the prac- 
tice then, as it is now% to complete the 
telegraph circuit through the earth. In 
this arrangement, if natural electric 
currents flow' in the earth, tln»y will be 
shared w'ith the telegraph line. It w^is 
soon noticed that tin* detecting device 
then used in place of a sounder would 
sometim(‘s show irregular and violent 
motions, which were in no way con- 
nected with the signals. After a syste- 
matic study of these disturbances on a 
number of different telegraph lines in 
England, W. H. Barlow' in 1847 found 
that w'hen one line was disturbed, all 
were disturbed. He concluded that the 
common sourct* of these occurrences is a 
natural el(*ctrie current in the earth’s 
crust. The occasions on which this 
phenomenon becom(»s conspicuous on 
telegraph lines are now' referred to as 
earth-current storms. Th(*s(‘ earth-cur- 
n‘nt storms constitute at the present 
time a recurring sour(*e of disturbance 
to t(»lc»grapli transmission, producing a 



or AN EARTH -CURRENT AND MAGNETIC STORM, NOVEMBER 2, 1884 (AFTER WKINSTEIN). 
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sort of static and at times injuring the 
instruments. Altliough the earth-cur- 
rent which travers(‘s the tcdegraph line 
at sucli times is usually irregular in 
strength and in direction, yet it is n»- 
ported on occasions to be sufficiently 
intense and so steady that messages may 
b(» sent without the use of the regular 
batteries. The earth-current storms are 
refernul to by lelegrapli operators as 
‘*an aurora on the line Although 
that appellation implies too much, it has 
significance The aurora bor(*alis gen- 
erally becomes visible farther south dur- 
ing the occurrence of an earth-current 
storm. On these occasions the earth’s 
magnetism also undergoes changes winch 
are referred to as magnetic storms. 
These magnetic and electric storms are 
independent of the weather. The 
curves in Fig. 1 represent changes that 
occurred in the compass-direction and in 
the earth -current at from 3 P. M. to 
11:30 P. M., November 2, 1884. The 
upper curve represents changes in the 
comiiass-direction at Wilhelmshaven, 
(iermany; the lower those at Vienna, 
Austria. The two central curves show 
the earth-curn*nt clianges on two tele- 
graph liiK's, one extending from Berlin 
southward to Dresden, and the other 
from Berlin eastA\ard to Thorn, The 
cl()S(‘ similarity between the changes in 
the earth-currents and those in tin* com- 
pass-direction indicates an intimate 
relationship between these phenomena. 

Scientific interest in the phenonnma 
ol earth-currents was stimulated by the 
possibility of finding therein a solution 
of the age-old problem of terre.strial 
magm*tism. You will recall that (lil- 
bert in the year IfiOO published an ex- 
tensive tr(*atise in wdiich he proposed to 
account for the (»arth\s magm^tism by 
considering the earth as a large lode- 
stone. At that time the several types 
of change wduch occur in the earth’s 
magnetism were unknowui. However, 
(lilbert’s theory was brought into cpies- 


tion thirty-four years later, when Gelli- 
brand discovered that the compass-direc- 
tion at Ijondon was steadily changing 
from year to y(*ar. Other clianges, such 
as the magnetic storm already men- 
tioned and certain changes whicli occur 
in a regular manner during the day, 
were discovered later. When OiTstedt 
announced in 1821 tlu^ discovery that an 
electric current gives rise to a magnetic 
force, this suggested to Sir Humphry 
Davy the possibility that natural electric 
curnmts may flow^ in the earth’s crust 
and that variation in their intensity 
may be the direct cause of fluctuations 
in the compass-direction. A few^ years 
later, 1831, Faraday discovered the 
jirinciple of electromagnetic induction. 
According to this principle variations in 
the earth’s magnetism should produce 
electric currents in the (»arth. Faraday, 
although unsuccessful in an attempt to 
detect such currmits, nmiained eon- 
vinc(*<l that they must exist. This pre- 
sents an alternative to the possibility 
suggested by Davy, namely, that thi* 
changes in the i^arth’s magnetism pro- 
duce earth-currents. We shall attempt 
to s(»i* the extent to which each of these 
tw^o possibilities is realiz(‘d. 

The earlier observations of earth- 
currents were made on telegi'aph lines 
and tlien chiefly at times of disturbance. 
The chief advance in our knowledge of 
this iihenomenon has, howev(‘r, come 
from systematic observations made on 
lines r<‘sembling telegraph lines and 
es})ecially constructed and suitably 
locatcsl for tlie purpose. The method 
ompln\ ed in measuring earth-currents 
is slnnvn in Fig. 2. Electrical connec- 
tion is made with tin* earth by means of 
idates of nudal buried in the soil. These 
plates are connected through a suitable 
measuring instrument by means of a 
wire or cable which is carried by the 
poles. The poles are shown arranged 
along a straight line, but that is indif- 
ferent. The current, or more corr(*ctly 
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the electric force, depends only upon 
the direction and length of the geometri- 
cal line joining the plates. If it were 
possible to have a number of such lines 
of equal length but extending in all 
directions from one position it would be 
found that the electric force, or poten- 
tial-difference, measured on one of these 
would be greater at a given instant than 
that measured on any of the others. 
The direction of this line would, of 
course, be the direction of the earth- 
current. It is not practicable, of course, 
to have such an arrangement. How- 
ever, with two lines arranged about as 
showTi in the diagram, the measurements 


other from Berlin to Dresden, 120 kil- 
ometers) ; Parc St. Maur, near Paris, 
where the system for such measurements 
was installed in December, 1892, and 
continued for a period of years, when it 
was necessary, as was also the case at 
Greenwich, to abandon the investiga- 
tions because of the intrusion of vaga- 
bond currents from electric railways. 

At the present time, such systematic 
observations are being carried out at 
three places: the Ebro Observatory, at 
Tortosa, Spain, at about 41° north lati- 
tudes whicli has been in nearly continu- 
ous oj)oration since 1910; and at the two 
magnetic, observatories of the Carnegie 



FIG 2. DIAGKAMM.\TIC RKPKFSENTATION 


or THE METHOD USED IN MEASIJKINO THE POTENTIAL-DIFFEKENl’ES WHICH CHARACTERIZE EARTH- 

CURRENTS. 


obtained will enable one to calculate the 
direction of the current. This then is 
the scheme that is used in obtaining the 
measurements which disclose the charac- 
ter of these currents and their varia- 
tions. 

Systematic observations with arrange- 
ments similar to that just indicated 
have been made at a number of places; 
some of the outstanding of these are as 
follows : at Greenwich Observatory, 
England, from 1865 to 1867; Berlin, 
Germany, 1883 to 1891 (in this case 
underground telegraph cables were 
used, the one extending from Berlin to 
Thorn, a distance of 262 kilometers, the 


Institution of Washington, one located 
near Watheroo in Western Australia at 
about 30° south latitude, the other near 
Huancayo in Peru at about 12° south 
latitude.* 

The Ebro Observatory is located in 

2 Tn a letter roceivod after the completion of 
this paper Mr R. B. Shanck, of tho Depart- 
ment of Development and Research of the 
American Telephone and Telegraph Company, 
writes that graphic records of the potential- 
diflforences on two telegraph-lines of that com- 
pany running out of New York have been 
obtained during tho past two years. Some 
records have also been obtained from Swedish 
telegraph-lines in recent years. It is also 
learned that observation of earth-currents has 
been recently begun at Alibag, India. 
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FIG. 3. TIOAD FROM WATIIEUOO TO THE OBSERVATORY 
The sand is chakactfristic op this reoion. 


soutlieHstern Spain on the border of the 
level valley of the River Ebro, near the 
small town of Tortosa and about 50 kil- 
ometers from the Mediterranean Sea. 
Ijines somewhat over one kilometer long 
are used here. The records from this 
observatory, obtained under the direc- 
tion of the ffesuit fatliers, constitute the 
longest, nearly continuous series of 
earth-current data extant. 

The Watlieroo Magnetic Observatory 
is located on a level, sandy plain in 
Western Australia, about 120 miles 
north of Perth, 50 mih‘s from the 


western coast and 12 miles from the 
Watheroo station. Approaching the 
observatory from Watheroo (Fig. 3), 
one gains an impr(*ssion of the character 
of the surface and of the wide level ex- 
panse of the terrain on which this obser- 
vatory is located. The registration of 
earth-currents was started here in 
November, 1923, and has continued ever 
since with no important interruption. 
The standard building (Fig. 4) provid(‘d 
at both observatories for housing the 
recording instruments used in earth-cur- 
rent and atmospheric-electric investiga- 



FIG. 4. TYPE OF BUILDING SHELTERING THE INSTRUMENTS 

WHICH AUTOMATICALLY RECORD VARIOUS ASPECTS OP TERRESTRIAL ELECTRICITY AT THE OBSERVA- 
TORIES OF THE Department op Terrestrial Magnetism op the Carnegie Institution op 

Washington. 





PIG. 6. VIEW OP THE ENVIRONS OP THE HlJAN(;AYO MAGNETIC! OBSERVATORY 

FROM AN EUBVATION NORTHWEST OT THE OBSERVATORY. 
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tious is a double-walled, concrete struc- 
ture completely surrounded by a louver. 
Temperature changes inside this build- 
ing are small and gradual. The lines 
used here vary from 1.6 to 10 kilometers 
in length. A portion of the lines was 
placed underground in order to ascer- 
tain if any appreciable difference occurs 
between sucli lines and those placed on 
poles overhead. The laying of such an 
underground line is shown in Pig. 5 
under the Nupervi.sion of J)r. (i. R. Wait 
and ‘Moie.’^ 

The Iluancayo Magnetic Observatory 
is uniquely located nearly due south of 
Washington in the Andes of Peru, at an 
altitinle of 11,000 feet above sea-level. 
This observatory is also far removed 
from any industrial sources of dis- 
turbance. The site of the observatory 
lies in a small valley near the confluence 
of the Chupaco and Montaro Rivers. 
The observatory appears to the right of 
the center of the view in Pig. 6. The 
River Chupaco (Pig. 7) to the west of 
the ob.servatory is a rapid stream whose 
bed is cut deep in the general terrain. 
However, for a considerable expanse 
about the observatory the topography is 
quite simple, as Avill appear in the view 
in Pig. 8 on approaching the site. 

One conclusion corning out of the 
m(»asurement of earth-currents may be 


stated at this point, namely, the major 
part of the earth’s magnetic field — tlie 
unvarying part — is not produced by 
electric currents in the earth’s crust. 
In all the data available no convincing 
evidence has been found of the existence 
of an unchanging component in tin* 
earth-current. In other words, the 
earth-currents are in the main alternat- 
ing currents, having long periods of al- 
ternation. Throughout the following 
then we will consider only variations in 
(‘arth-currents, or more correctly, vari- 
ations in the strength and direction of 
the force which impels these currents. 

This force is very small compared 
with such electric forces as are a part of 
our common experience. The force act- 
ing between two earth-plates located 
about 500 miles apart would at undis- 
turbed times be about the same as that 
which operates your flash-light. At the 
time of an earth-current storm, ]un\- 
ever, this force may increase as much as 
several hundredfold. Some features of 
a moderate earth-current storm whicli 
began at 21 hours Greenwich mean time 
on July 81, 1929, arc shown in Pig. 9. 
These curves go in pairs The upper of 
eacli pair represents the component of 
the electric force which would impel 
electricity westward. The lower otk* in- 
<licates that part which acts toward tlie 



FIG. 8. GENERAL VIEW OF THE HUANCAYO MAGNETIC OBSERVATORY 
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July 31 to Auoi st 1, 1929, at three widely DisTRinuTEi) roi\’r.s 

southward. The upper pair was regis- 
tered at the lluaneayo Observatory; the 
middle pair at tlie Watheroo Observa- 
tory, and the lower was transcribed 
from records of the electric current in 
an oil pipe-line in southern ('alifornia. 

These records were obtained in connec- 
tion with an investij^ation of the cor- 
rosion of pipe-lines made under Ihe 
supervision of Mr. K. 11. Logan, of th(5 
Bureau of Standards, without any in- 
tention or expectation of measuring an 
earth-current storm. One very interest- 
ing feature of this exhibit is that the 
sharp commencement of this storm is 
not only simultaneous in occurrence at 
these three widely separated points of 
the earth but also that the direction of 
the electric impulse is nearly the same 
everywhere. Other points of similar 

agreement throughout may be seen, as fkl lO, Comparison op magnetic and eaeth* 
well as the general concurrence of dis- current disturbances at VTatiieroo. 
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turbed periods. There can be no doubt 
but that here is a manifestation of a 
world-wide process which alfects the 
entire earth at the same instant of 
time. Aside from the purely scien- 
tific interest of this exhibit, it is of 
importance* to investigations of under- 
ground corrosion to know the extent 
to which earth-currents of natural 
origin, and a part of a world-wide 
system, may come into play. Magnetic 
storms also have characteristics similar 
to those here not(‘d. In fact, earth- 
current disturbances and magnetic dis- 
turbances are so closely related that as 
an invariable rule they occur in coin- 
cidence. An example, observed at 
Watheroo, is given in Fig. 10. Not all 
storms, however, have the world-wide 
characteristic which was displayed by 
the storm, shown in Fig. 9. 

A feature of earth-current storms 
which is not clearly shown in such dia- 
grams as tho.se just seen is brought out 
by another method of representation 
such as is shown in the irregularly 
shaped diagrams in Fig. 11. The diree- 


tion and length of each straight-line 
portion of these diagrams represent the 
average direction and strength of the 
changes that occurred in the earth-cur- 
rent in each successive two-minute in- 
terval. The.se diagrams were con- 
structed from observations made by 
telegraph opt^rators of the American 
Telephone and Telegraph Company on 
lines running out from New York ("ity 
during a storm which occurred on June 
17, 1915. Each figure corresponds to a 
pair of lines whose farther termini are, 
beginning at the left, Boston and Lan.s- 
ingburg, Lansingburg and Pittsburgli, 
Pittsburgh and Washington. The ap- 
proximate direction along which the 
varying earth-current flows is, at least in 
temperate zones, in a general north - 
south direction. This is a matter which 
is not only of scientific interest, but 
should be of some importance to the 
maimgement of telegraph systems, and 
possibly also in tlie protection of long 
pipe-lines from such effects of corrosion 
as may be promoted by earth-eurrents. 

That the primary source of earth-cur- 



FKl. 11. DIAGKAMK SHOWING THE HTUKCnTON 
or THE EARTH ‘CURRKKT STORM (‘UANGK8 AND MEAN VECTORS (DASHED DINES), JUNE 17, 1915, ON 
LINES OP THE AMERICAN TELEPHONE AND TELEGRAPH COMPANY (HORIZONTAL AND VERTICAL 
SCALES IN MILLIVOLTS PER KILOMETER; A, NEW YORK TO BOSTON AND NF.W YoKK TO LANSINO' 
BURG, BEGAN AT I6h 46«» AND ENDED AT 1 51»n G. M. T. ; NeW YORK TO LaNSINGBURG 
AND New York to Pittsburgh, began at HJh 5ani and ended at 17h 54n‘ G. M. T.; C, New 
York to Pittsburgh and New York to Washington, began at 17h 04"! and ended at 18^ 

01»« G. M.T.). 
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IN FARTIl-CLTRRENT NAIMATIONS AT EBRO OusKH 

VATORY, Spain, in macnktu’ activity at 

CllKLTKNIlAM Olisi’.K\ ATORY, UNITKI) STATES, 
AND IN SUN-SPOT NUMBERS FROM 1910 TO 1929 

rent storms is s(»me factor sc'ated out- 
side the earth and likely in the atmos- 
phere of th(» sun is indieat(»d by the 
manner in ^^hI(*h the intensity and fre- 
quency of these storms ehanf^e as the 
sun-spot number (a number desiffned to 
^ive a measure of the total effeetiveness 
of sun-spots) chanir<»s. The extent to 
which the earth-currents, as recorded at 
the Ebro Observatory, and the earth’s 
ma*jjnetism, as recorded at the 1 1. 8. 
Ooast and Geodcdic Survey Magnetic 
Observatory at Oheltenham, Maryland, 
are disturbed and th(» manner in wliich 
this apritation (*hanp:es from year to year 
are shown in the two up])er curves of 
Fip:. 12. The close similarity of the 
changes for earth-currents and ter- 
restrial magnetism is not surprising in 
view^ of other evidence which has already 
been seen, but the manner of change 
from year to year during the twnmty 
years here represented is sufficiently 
close to that shown in the lower graph 
for sun-spots that we may consider this 
as more than a mere coincidence. An- 
other line of evidence which supports 
this view depends upon the fact that as 
the sun rotates it carries about with it 
the sun-spots. Those wdiich are of suf- 
ficiently long life will thus appear on 


the earthw’ard side of the sun at inter- 
vals corresponding to the period of rota- 
tion of the sun — about 27 days. Hence 
if some process in the solar atmosphere, 
which is announced after a fashion by 
sun-spots, is the cause of the phenomena 
of earth-current storms, w^e should ex- 
])ect these storms also to recur wdth the 
sam(‘ period as is found in the case of 
the sun-spots. The earth-current and 
magmdic data of the Ebro Observatory 
w'cre inv(‘stigated by Peters and Ennis 
with reference to such a recurrence. 
The curves shown in the upper part of 
Fig. i:3 present some results of that in- 
vestigation. These may be interpreted 
in the following simple manner. If on a 
certain date, A^ the range of variation in 
earth -currents is distinctly larger than 
that for the days preceding or following, 
then the range on a date somewhat less 
than 28 days later will, in the average, 
b(‘ gr(*ater than that on the few' days 
pr(‘ceding or following. A similar recur- 
rence, as will be seen from the middle 
set of curves, was also found for low' 
values. Furthermore, in the lower part 
of the diagram, wdiich represents the re- 
sults of a similar study of the observa- 
tions of i)olar lights made on the Maud 
Polar Expedition, lf)22 to 11)25, will be 



OF EARTH -CURRENT STORMS AND POLAR LIGHTS 
IN 27 DAYS. 
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seen nearly the same type of recurrenee 
in that phenomenon. 

Less conspicuous, but no less interest- 
ing and important, are variations in 
earth-currents which proceed in a regu- 
lar manner tliroughout the day. These 
are usually termed diurnal variations. 
The character of these diurnal varia- 
tions for the four most extensive sets of 
modern data available are shown in 
Figure 14. The two upper graplis ap- 
pl}" to the northern hemisphere, namely, 
Berlin and the Ebro Observatory, and 
the two lower to the southern hemi- 
sphere, namely, the Iluancayo Magnetic 
Observatory and the Watheroo Magnetic 
Observatory. Although these series do 
not cover the same period of years, it is 
not likely that an appreciable ditference 
in the character of the variation repre- 
sented by these curves would be due to 
that. A considerable similarity between 
the curve for Berlin and that for Ebro 
is evident, and the curve for Watheroo, 
if reversed, would be very similar to 
these two. That for Huancayo, however, 


differs in general type from the other 
four and at present seems to complicate 
the general picture. One common fea- 
ture is that during the daylight hours 
the currents are more active than at 
night and that except at Huancayo the 
northward current is more active Aan 
tlie eastward and flows either away from 
the equator or towards it, depending 
uj)on the time of day. The relative 
magnitude of the electric force at the 
several stations is not correctly shown 
in these curves, it being the purpose 
here to show the general features of the 
variation. The forces at the Ebro Ob- 
servatory are considerably larger than 
at the other stations. However, from a 
study of the resistance of the earth to 
the flow of electricity which has bw»n 
made at Ebro, Watheroo and Huancayo 
by W. J. Rooney, as part of the investi- 
gations of earth-currents carried on by 
the Department of Terrestrial Magnet- 
ism, it is apparent that the large values 
recorded at Ebro are in a considerable 
measure due to the correspondingly 



FIG. U. DIURNAL VARIATION IN EARTH-CURRENT POTENTIALS 
AT Berlin in Germany, Ebro Observatory in Spain, Huancayo Observatory in Peru and 
Watheroo Observatory in Western Australia. 
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IN E\RTM ( THHENTS AM) TFUKF.STRIAL MAHNETISAI VP WaTHEKOO MAGNPTIC OBSIUN \T0KY, 

H)24 TO 


Ifirj't* floctricnl rrsistaiice ol* llio oartli 
at tliat ])lacH» The brancli of study c’ov- 
(U'ino: lliis aspect of carth-eiirrent in- 
vestijrations can not be entered upon 
here furtlier than to say that in this 
work means were developed by vhieh 
the earth has b(‘(*n explored to depths as 
jrreat as GOO meters (2,000 feed) by em- 
ploying^ eh‘etrieal measurements made on 
the surface. This rnetliod has aroused 
much interest amon^ ecoiiornic ^^eolo<!:ists 
and jreopliysieists. 

It is, of course, of interest to see 1 u)a\ 
the diurnal variations in earth-currents 
compare witli the correspondinj? varia- 
tions in terrestrial majj:netism. In. the 
chart shown in Ki});. 15 data from tlie 
Watheroo t)bservatory are thus com- 
pared. The solid curve in the upper 


f 4 :roup represents the diurnal change in 
the eastward majrnetic force*, and that 
dravn in lon^ dash(*s represemts the cor- 
respondinji: chanj^e in the nortliward- 
flonin*’: component of the (*arth-cur- 
rent In tin* ]oA\er irroup the eontinn- 
oiis curve ajjfain represe*nts the \aria- 
tion in the maj^netic element, this be- 
in»j: that component ANhich acts toA\ard 
the north The curve constructed with 
the lon[i: dash represents tin* variation 
in the eastward-floA\injr component of 
the earth-current. In neitlier set of 
curves is much resi'inblance to be 
found between the mafrnetic and the 
earth-current chantres. The relation 
thus apjiears (piite different from that 
seen in the case of storms. If the 
curve for (uther majirnetic component 
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and that for the electric component 
which flows in a direction at rif^ht- 
arif^les to the former had turned out 
to be similar, tlien the possibility that 
th(» magnetic chanf?es are produced 
primarily by the earth-currents could 
have been considered. This possibility 
is, however, obviously exchuled by this 
evidence. The alternative which is suj?- 
gested by Faraday’s principle of elec- 
tromagnetic induction, namely, that the 
magnetic changes produce the eai*th-cur- 
rents, would require that the earth-cur- 
rents are greatest at the time wlien the 
magnetic force is changing most rapidly, 
disappearing when the magnetic force 
ceases to change and clianging in direc- 
tion when the magnetic change alters 
from a decreasing to an increasing force. 
That these conditions are approximately 
fulfilled for the upper set of curves is 
readily seen However, the extent to 
which this relation exi.sts is shown best 
by the curves drawn in short dashes. 
These curves represtmt the change* which 
should result during the day if the 
earth-currents arose in the simplest pos- 
sible way from the magnetic variations. 
These calculated curves are in much 
closer agreement with the actual curve 
than is that for the magnetic variation. 
However, some disagreement is in evi- 
denc(*, so that it may be unsafe to con- 
clude that the magnetic changes filone 
are active in producing the earth-cur- 
rent changes It is in fact certain that 
the earth-currents, even though directly 
produced by the magnetic changes, will 
have a reaction which affects the mea- 
sured values of the earth’s magnetic 
force. The strength of this reaction de- 
pends upon tin* internal structure of the 
earth, and wlien the phenomena of earth- 
currents are more completely known we 
may hope to use these in exploring the 
deep structure of the earth. 

Conspicuous changes in the ampli- 
tude of curves such as those just shown 
occur from montli to month during the 
year. If the amplitude of these, or the 


range in the diurnal variation, is charted 
for each month of the year, the charac- 
ter of this change with season will be 
best shown. The chief feature in sii^’h 



OF NOHTUWAnD (’OMPO.NFNT OF E VHTH CI KRENTS 

AT Wathekoo, Berlin, Ebko and (Jreknwk m. 


charts (see Fig. 16) is that the low(»st 
values occur at all these observatories at 
mid-^^ inter and the maximum shortly 
after the vernal equinox. This varia- 
tion with S(*ason of year suggests that 
the sun also plays a role in the diurnal 
variation of earth-currents. 

You have seen here samples of the 
evidenee which suggest relations be- 
tween the changes that occur in earth- 
currents and those that oeeur in the 
earth’s magnetism, for those irregular 
ehanges known as storms, for the diurnal 
variation, that type of changt* w’hich 
occurs in a regular manner during the 
day, and for the variation from year to 
year in a cycle corresponding nearly to 
that of the sun-spots We have also 
reviewed evidence which shows that some 
phenomena of both emrth-eurrents and 
the earth’s magnetism are in some way 
related to the position of the sun and to 
the occurrence of polar lights. We have 
noted that in the case of magnetic and 
earth-current storms the relation is 
more nearly that which would be ex- 
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pi‘(*ted if the ehHnp:e in earth -currents 
were tlie cause of change in the earth’s 
luagnetisin, whereas for the changes dur- 
ing the day it would appear more nearly 
correct to assume* that tin* magnetic 
changes produce the earth -currents. 
You will now, no doubt, desire to know 
>vhat has been done in the way of de- 
veloping a theory, or perhaps better, a 
unified picture of these phenomena. In 
this connection tin* diurnal variations 
and the storms should be considered 
separately. The tln*ories wiiieh «are of- 
fered in explanation of the diurnal vari- 
ations diff(*r considerably from th(»se 
suggested for tlie explanation of the 
earth-curr(‘nt and magn(*tic storms. We 
will first briefly sk(*tch the theory of the 
diurnal variations. Two theories of this 
phenomenon are r(*ceiving consideration 
at the pres(»nt time. Both these theories 
have the following aspects in common: 
(a) That the process w^hicli more directly 
affects both earth-currents and terres- 
trial iuagin‘tism in a regular manner 
throughout the day is seated high in the 
earth’s atmospheic; (h) that the con- 
dition in the atmosphere at this height 
which mak(*s tliis process ])ossibh» is pro- 
duced by radiations coming from the 
sun. These radiations acting upon the 
molecules of this rarefied atmosphere 
jiroduce eh'ctric carriers in extraordi- 
nary abundance so that this jiart of the 
atmosphere becomes a good conductor 
of electricity. As to the particular radi- 
ation wiiicli predominates in jiroducing 
this effect, there is no general agree- 
ment. The ultra-violet light from the 
sun, or a corpuscular radiation consist- 
ing of (*ither positive or negative elec- 
trified particles or both, shot from the 
sun with high speed, and the penetra- 
ting or cosmic radiation have been vari- 
ouslv considered. 

On the one theory, the region of the 
atmosphere thus capable of transport- 
ing electric currents of considerable in- 
tensity is subject to great winds. Thus 
w e have a good conductor in motion rela- 
tive to a magnetic field, namely, that of 


the earth. In this manner great elee- 
tric wiiirls are g(*nerated in the high 
atmosphere. The magnetic effect of 
these whirls of electricity extends to the 
earth and induces there earth-currents 
w'hieh in turn give rise to another mag- 
netic effect. The magnetic change mea- 
sured at the earth ’s surface, therefore, on 
this view arises from those tw^o sources, 
electric eurrenfs in the atmosphere and 
(‘leetrie currents in earth. The portion 
of the atmosphere directly under the sun 
is much more affected than that on the 
dark side of the earth, and thus as the 
earth rotates this portion of the atmos- 
phere affects sneeessively tin* different 
parts of the earth and can thus obviously 
give rise to a regular change throughout 
the day. To account for the winds, 
how’cver, or the required motion of the 
high conducting atmosphere presents the 
great ditficulty for this theory. Some 
evidence that winds of great velocity do 
exist there is found in the drift of 
m<‘teor trails 

According to the other theory great 
wdiirls of electricity in the atmosphere 
w'onhl not occur, but rather, each elec- 
tric carrier under the action of the 
earth’s magnetism moves in a spiral. 
This IS ecjuivalent to a small magnet. 
Each electric carrier acts in this way and 
in a certain orderly fashion, so that 
w'ithout any general electric circulation 
a magn(*tie condition arises wdiich at 
the earth’s surface is quite similar to 
that which would result from the other 
theory. From this point on, then, the 
phen()m'‘ua would proceed in the same 
way under both theories. The latter 
theory has the advantage that it is 
unnecessary to assume the existence 
of the intense wdnds required for the 
former. In this theory, however, a 
greater abundance of electric carriers 
is required in the high atmosphere, 
and it is here that this newer and 
simpler theory meets its greatest diffi- 
culty. Too little is yet known about 
the constitution of the high atmosphere 
to be able to firmly establish either of 
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tliese tlieories. However, the present- 
day developinent of radio pr(»sents a 
new means of explorinj? the hi«:h atmos- 
phere. It now seems likely that phe- 
nomena observed in connection with the 
transmission of radio wav(‘S will pro- 
vide facts which are needed to decide 
some disputed points in the theories of 
the orijrin of earth-currents and the 
variations of the <‘arth’s maj^netism. 
The common relationship h(‘tw<M*n cer- 
tain radio phenomena and changes in 
terrestrial magnetism and (‘arth-currents 
arises doubtless in jiart from the fact 
that this conducting region of the at- 
mosj)h(*re has a common influence on all 
th(‘se phenomena, so that a study of 
eacli will assist in the understanding of 
the others. 

Whatev(*r the reality underl^dng the 
diurnal variations may be, th(‘ theories 
just outlined at least serve as a sort of 
aid to th(‘ nnunory by jiroviding a 
visualization of thes(‘ phenomena for the 
earth as a ^^hole. The system of cur- 
rents which •!. Hartels, of (lermany, has 
calculated would be recpiired in the at- 
mosphere to produce tin* observed 
diurnal changes in the earth’s magnet- 
ism is shown in Fig. 17. The arrow- 
heads and the course of the curves indi- 



FIG. 17. THK SYSTEM OP ELECTBrC 
(niRRENTS 

wutieu ACeORDIVG TO ANALYSES OF BARTELS 
AND Chapman, would be required in the 
HIGH AT^rOSrilERE TO PRODUCE THE AVERAGE 
DIURNAL CHANGES IN THE EARTTFs MAGNETISM. 


cate the path of the current, and the 
concentration of the curves represents 
the density of the current. Over the sun- 
lit hemisphere two great whirls will be 
seen, one on either side of the equator. 
These are of gr(»at(»r n^gularity and 
density than the circulations show'u over 
the other hemisphere. The total current 
estimated for one of the daytime whirls 
IS 100,000 amperes. This diagram w'ill 
serve also to give a picture of the general 
character of the system of currents in 
the earth’s crust at ordinary undis- 
turbed times. 

Earth-current storms and magnetic 
storms should, in view^ of the close* 
relationship shown by many observa- 
tions, find a common explanation. Va- 
rious attempts have been made to pro- 
vide a theory or some model which 
would account for magn(‘tic storms, 
but in th(*s(* the phenomena of earth- 
current storms have b<M*n g(*nerally 
neglect(*d from consideration. Tin* n*- 
sult of this one-sided (hwelopment is 
that all theories of magnetic storms 
fail to account for the prineijial phe- 
nomena of earth-curr(*nt storms, and 
until they do, the}^ can scarc'ely be con- 
sidennl seriously, even should they satis- 
factorily account for all the principal 
phenomena of magnetic storms, which 
they do not. All the recent tluMiries of 
magin*tie storms invoke electric currents 
wiiich are assumed to aris(‘ in the at- 
mosphere high abov(* the earth, currents 
which depend upon process(*s seated in 
the atmosjdiere of the sun. As to the 
manner in wiiich these currents arc* 
produced, there are three views extant. 
The corpuscular theory liolds that 
streams of electrons shot from the sun 
at speeds nearly that of light, under the 
action of the constant part of the earth’s 
magnetic force, are in part caused to 
converge in a zone near the magnetic 
poles and are in part made to encircle 
the earth in the rare atmosphere high 
above the equatorial belt. The former 
give rise to polar lights and some mag- 
netic impulses, and the latter constitute 
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tlie direct source of the major aspects of 
magnetic storms. 

The induction-theory assumes that the 
liij 2 :li atmosphere is subj(*ct to a eom])li- 
eated system of winds or cireulation 
^^hie1^ if that ref»:ion of the atmospliere 
be a sufficiently {j:ood eonduelor of elec- 
tricity, will generate electric currents 
there because of the motion of this con- 
ductor relative to the earth’s magnetic 
field Hoth the winds and the conduc- 
tivity in that part of the high atmos- 
phere wliieh comes into consideration 
here may vary suddenly under the action 
of radiations from outbursts on the sun, 
ratliations which both lieat the atmos- 
pluT<* and increase* the* number of elec- 
tric carriers there. The sudden changes 
in the currents thus produced would in 
turn cause magnetic clianges at the 
earth’s surface 

In yel another very recently proposes! 
theory the somewhat forced assump- 
tions which appear in the two older 
th(»ories, namely, the high-speed electric 
corpuscles and tlie complicated system 
of \^in(ls, are replaced by devices which 
appear more plausible. In this, reasons 
are given which mak<* it seem likely that 
by the action of the ultra-violet light 
from the sun some atoms are blast<*d 
from the portion of the atmosphere 
located about 400 kilometers from the 
earth and are carried thousands of kil- 
om(»ters farther out before they are ion- 
ized. When ionized, the earth’s mag- 
netic force combined with the force of 
gravity tends to cause these to circulate 
about the earth’s axis, especially over 
the equatorial belt, thus producing in 
turn a magnetic change at the earth’s 
surface corresponding to the world-wide 
magnetic-storm effect. Some, however, 
drift along tin* magnetic lines of force 
and return to lower levels near the poles 
where they give rise to other aspects of 
magnetic storms and produce the polar 
lights. Relatively large changes occur 
in the intensity of the ultra-violet light 
emitted by the sun and thus give rise to 


the irregular fluctuations recorded in 
magnetic instruments. This theory has 
very attractive features but many de- 
tails require further study In all 
these theories the world-wide ])art of a 
magnetic storm is consideriMl as caused 
In electric currents in the high atmos- 
phere over the equator. This would re- 
quire that the electric currents in the 
earth’s crust flow in an east -west direc- 
tion at such times, especially in lower 
latitude's, but so far as observations go 
these currents tend rather to flow in a 
j’orth-south direction, as has already 
been seen in Fig 11. Another point of 
disagr(*(*ment be'tween theeiry and fact is 
that the time* relationship between the 
earth-current changes and the magnetic 
changes, as noted earlier in this discus- 
sion, is that which should be found if the 
formi'i* uen* the cause and the latter the 
('Ifeet. 

At the present stage of our studies, it 
ajipears that many of the magnetic 
changes v\hich occur at storm times are 
jirodueed by the earth-currents, that in 
general the currents characteristic of 
storms flow, roughly speaking, either 
north or south and at least in some eases 
traverse the earth, roughly speaking, 
from pole to pole, as though electricity 
^^ere supiilied at one pole and r(»moved 
at the other. There are, however, grave 
difficulties in the way of such a view. 
The solution of the riddle jiresented by 
earth -current and magnetic storms will 
doubtless be furthered by mon* intensive 
study and observation of earth -currents 
and especially by observations in the far 
north south;. Do the splendors of 
the polar lights signalize a terrific bom- 
bardment of the polar atmosph(*re by 
electric particles traveling at a speed 
sometimes so great that this bombard- 
ment reaches the earth and thus by sup- 
plying electricity in an irregular man- 
ner give rise to earth-currents at times 
of storm? This is one of the questions 
which we hope further studies of earth- 
currents will assist in answering. 
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IXTHODUCTTOX 

Strikingly real as the inat(‘rial evi- 
(i(»n(*e of the lif(» record of the past 
frequently is the vividness of tliat reality 
is in larj?e measure dependent upon the 
satisfaction which one experiences in 
apprehendinji: orj?anisins of a remote 
period as once livini^: creatures. No- 
where is this better ex(‘mplified than in 
those noteworthy occurrenc(*s where re- 
mains of mammalian types, presumably 
long extinct, have come down through 
time, exhibiting not only skeletal parts 
but also th(‘ epidermal structures, excre- 

’ jniHCfl on a paper tnesonted before the Xa- 
tional Aeadeiny of SeieneCH, Pasadena, Heptcni 
ber 23, 1930. 


ment and occasionally the viscera in a 
remai’kable state of preservation. Curi- 
ous though it may seem our vi(*\Ns re- 
garding the geologic antiquity of this 
type of material are fr(*quently but 
dimly defiru'd. 

It is now a little over thirty years 
since the Swedish explorer Nordenskibld, 
learning of tin* discovery of a curious 
piece of hide near Ijast Hope Inlet, Pata- 
gonia, was led to investigate the famous 
Eberhardt Cave of Ultima Ksperan/a. 
Excavations in the deposits by Xor- 
denskjold, Mormio, Erland Xordenskibld 
and others brought to light an unusual 
collection of material including remains 
of man and of several types of extinct 
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FKi. 2. VIKW LOOKlNCr NOKTIIEAST 

SlIOWINO I NTUANCE TO GYPSU^r (’A\K AT BASE OF LIMFSTONK FAPE (IN SHADOW) ABOVE TAMP 
OF fc?OUTU\\EsT MukEUM-CALIFOKNIA T N STITT TE TuE SPARSE \ROETATIOV IN FOREGROUND 
INULUDES SEM UAL SPEUIES OF UA(TI, <’HLOSOTE BUSH, Kianunu, (’ATl'LAVV AND NEEDIiK GRASS. 


iiiiimnials Aiuoiij^ the spueimens weru 
rrajifinents of skin» licair, liorriy sheMths 
of elaws and ex(*renie?it found definitely 
associated with skeletal remains of larj^e 
manimals. Tlie materials, exliibitinf? 
characters totally unlike those of any 
li\in«< animal of Sontli America, \\ere 
later determined to he of the extinct 
ground sloth Glossttihevinm. 

So r(‘al did tlie {ground sloths become 
ill view of the remarkable jireservation 
ot‘ their remains that the story of an 
actual (‘xistence of these animals — ^the 
mysterious mammal of Pataironia — was 
received with considerable credimce. 
liater explorations in South America 
failed to substantiate the story, but the 
facts concerninjr the occurrence and 
associations of (Hossotheriuni are re- 
f?arded by many as furnishinj? at T^ltiraa 
Esperanza indisputable evidence of the 
presence of man and of mammals j^en- 
erally repfarded as characteristic of the 
Pleistocene or Ice Age. 


Tlie r(*cent discovery of (lypsiiin Pave 
in southern Nevada by Mr. M. U. Har- 
rington, of the Southwest Museum, 
brings to light a cavern occurrence and 
an entombed life record presenting many 
featur(‘s similar to tho.se which charac- 
terize the South American cave. Lo- 
cated in the foothills of Frenchman 
Mountain, road 20 miles east and 
slightly north of Las Vegas, this cave is 
readily accessible at an (‘levation of 
aiiproximately 2,000 ftsd. Deriving its 
name from tin* presenci* of liuge and 
beautifully formed selenite crystals, 
(TVpsum Cave has resulted from differ- 
ential solution in Paleozoic limestone and 
is now of large size and of irregular 
shape (see Fig. 4). 

The presence of several cultural stages 
and the unusual pre.s(»rvation of an ani- 
mal and plant record in the deposits 
furnish an almost unprecedented oppor- 
tunity for the archeologist and paleon- 
tologist. At the invitation of tlie South- 
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west Museum the California Institute 
lias been fortunate in siiarinjir equally in 
tlu* investij^ation of the site, conec^rniii" 
itself partieiilarly Mnth the stratijrraphie 
suecession and with the interpretation 
of the fossil or subfossil animal and 
plant remains. Wliile the recent ex- 
])lorations liave not been eoinpleted cer- 
tain striking? aspects of the deposits and 
of th(' speenmms iv'covered are wortliy 
of delineation as furnishin*;: perhaps a 
typical example of the problems encoun- 
tered in broader studies of the succession 
of Quaternary life in America. 


cave. Situated 65 feet below the en- 
trance to the cavern, this chamber is 
Hp])roximat<‘ly 120 feet lonj? by 65 feet 
wide (Fi^. 7). Entrance to it is {gained 
toward the bottom of a broad, inclined 
surface of anjjrular limestone rubble. 

At a depth of 14 feet larjjfc limestone 
blocks were tuicountered. It is possible 
that these represent the rock floor on 
which the sediments aeeumulated. Tin* 
strata above this consist j)rineipally of 
aiif^ular limestone frafxments, the indi- 
vidual fragments frequently beinj? a 
fraction of an inch in diameter. Much 



FKk 3. VIEW LOOKING SOT^TIIW^KST FJIOM (’AVE ENTliAN(^E 

SaOWINQ DESERT COlJNTR\ 1<A.ST OF FRENCHMAN MOUNTAI.V, NEVADA. GYP PeAK IN DI.STANCK 
TO THE LEFT OF FIELD CAMP OF THE HOUTUWEST McsEL'M -GaLIFORNIA INSTITUTE. 


Deposits 

While each of the several more or less 
clearly outlined chambers of the cave 
exhibits an interesting stratiji^rapluc rec- 
ord, perhaps the clearest cross-section of 
the depo.sits is that revealed beneath the 
floor of the principal chamber (Room 
4). Doubtless the sedimentary succes- 
sion shown here by trenchinjr furnishes 
an important key to the interpretation 
of the deposits found elsewhere in the 


of the material may have been dmdved 
from the walls and ceilinj^ of the cavern. 
Intercalated in tlie series are irre«:ularly 
bedded sands, doubtless depositiNl under 
w'ater. At the top of the deposit of 
fraj?menlal limestone occurs a gypsif- 
erous layer followed ujiward by sloth 
dung. The latter exhibits in plaices a 
matted and trampled appearance; in 
others the individual clods retain for the 
most part their original form. Occa- 
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sionallN spet'imoiis an* foiiiul in Minch 
11)0 outer shell of a clod remains intact 
but the inside lias been consumed, per- 
Jiaps by r()d(*iits. In places also tlie 
dunjr is burned or charred wliile <*lse- 
M]i(*re it lias a remarkably fn*sh app(‘ar- 
ance, Scatl(*red through this accumula- 
tion is the duiiji: of other mammals. The 
layer of diinjr has a maximum thickness 
of at least 2d inches, althouj^h laterally it 
may thin to a feu inches, intercalated 
in it may be found a second jj^ypsifer- 
ous layer, usually a feM^ inches thick. 
At several localities stalaj^mites havi* 
formed, and it is interesting to note that 
where these are found the dunjjj is 
abs(*nt. 

Piled on the floor in Room 4 is a larj?e 
mass of limestone debris derived pre- 


sumably in part from the ceilin*? as a 
rock fall and in jiart from rock slides. 
Evidence obtained from the deposit iona I 
record would appear to indicate that 
slide or fall material accumulat'd also 
duriufT the formation of the diiufi: layer. 
The extent and distribution of the diinjjc 
material suf^jxests, moreover, that the 
animals responsible for its aceumulation 
had ready access to this portion of the 
cavern and were represented by a num- 
ber of individuals or frequented the 
chamber for a lonjj^ period of time. 

A M’ell-defined dunj? layer has been re- 
corded by Harrinj^ton as occurring also 
ill Room 1, immediately to the left of 
the entrance to the cave. It is a fair 
assumjitiou perhajis that the period of 
accumulation of the material in this 



FIG 5. CROSS-^>^ECTION OF UPPER JlEPOSITS 
at A- A', IN Room 4, showing position op ATLATI. r3ART-POINT and bonks op extinct mam- 
mals. From pield sketch by J. E. Thurston. Gypsum Cave, Nevada. 
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FIG. 0. VIEW LOOKING A(’KOS8 LOWER END OF ROOM 2 
Entranck to Room 4 is liOi ATKO off miwkr riout hand coknek of phturk. 

Gypsum Gave, Nevada. 


eliaiuber eoinvidus with that of (lun<^ for- 
mation in Koom 4. (^msidorablo slieep 
manure is found toward the top of this 
layer. Above it oeeurs limestone detri- 
tus to a Ihiekness of six or more feet, 
followed in turn upward by a layer from 
whieh Pueblo and Hask<*l-maker cultures 
have been obtained. 

Some Ouuanic Pkm vins Found in 
THE Derosits 

Mammalian remains havt* been en- 
countered in the lower strata which have 
been penetrated in Hoorn 4, In the 
sands intm*ealated in the deposit of an- 
gular limestone fragments at a depth of 
ten feet were found incomplete skeletal 
elements and teeth of camel and horse. 
Tlius far, how’cver, the ground sloth 
remains are not known to occur below 
the overlyinj? dun" layer. The latter is 
in larp-e part made up of the excrement 
of the ground sloth Noihrotherium, A 
well-preserved specimen of this material 
is shown in Vig. 9. Superficially these 
clods are like the excreta of the South 


Amei’ican genus Glo^sothcvium, figured 
by Santiago Roth (compare Figs. H and 
9), although the former are somewhat 
smaller in size. 

No attempt has been made* as yet to 
identify all the plant remains which eon- 
.stitiite the hulk of the clods and of the 
trampled manure in (iypsnm C-ave. The 
scatological studies will furnish valiiahh* 
information eouceniing tlie food habits 
of the notlirotheres and it is to be hoped 
also of tin* tloral environimuit which jire- 
vailed in the vicinity of the cave during 
the period of existence of these animals 

The better preserv'd skeletal and epi- 
dermal structures of these ground sloths 
occur in the dung layer. No eompl(‘te 
skeleton of Noihruthrrixim has been 
found, but a number of elements have 
beiui recov(*red. It is significant that 
most of the skeletal remains belong to 
this ground sloth. Fig. 10 shows a 
nearly complete hind foot of Nothro- 
therimn in whieh several of the bones 
exhibit on the surface bits of dried flesh 
or tendinal strands. Moreover, the 
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homy claws of the tcnuinal plialan^es 
remain intact. Small fraj^riients of the 
hide appear to b(‘ also preserved. This 
material is now tliorou**:)!!^ d(\sieeated 
and slirunken, but reveals on the surface 
occasionally the base of many hairs. 
TluTe is no evidence of th(» presence of 
ossich*s 111 the skin as in the mylodont 
frr<)\ind sloth (flossothcriitm of Eber- 
hardt Cavern. Afany strands and occa- 
sionally small masses of hair have lieen 
found in Gypsum Cave. Tliese fre- 
quently have a y(»llov\ or tawny color, 
altliou^h hair of a brownish or reddish 
brown color has betni noted. Wln^ther 
all the hair found thus far belon»:s to 
Nothyothf vnuu has not been determined 

While the skeleton of Noth rot hen uni 
has betm known by rat Inn* comphde re- 
mains described fnim the Brazilian caves 
and from the asphalt (hqiosits of Rancho 
La Brea in California, only n'cently has 
direct information become available re- 
pirdinjjf some of tin* external characters 
of this creature. Professor Lull has 
described- an unusually complete skele- 

^ R. S. Lull, Afrm. P^abothj Mvt<. } air Vmv ^ 
Vol. 3, pt 1!, 1929 
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ton with remains of epidermal structures 
and a food ball from a p:uano deposit at 
Aden Crater, Xew^ Mexico. 

A nati\e of tin* southern contiiumt, 
\othrofhcriuni reached Xorth America 
appanmtly durin^ lMeist(>c(*ne time. 
Closely related types occur in middle or 
lower Pliocene deposits of w(*stern North 
America, and it is possible that tb(‘ noth- 
roth(*n‘s were anunijr Ihe first mammals 
to arri\(‘ from South America when the 
two areas were joined, after a prolonjj:ed 
separation, in late Tertiary time. An 
illustration of the skehdon of Nothio^ 
thrnuni is shown in Fi*^. 11. 

Skel(*tal nnnains of at l(‘asl three ad<li- 
tional mammals of relativ(*ly larj^e size 
occur in tin* dunj^ deposit It is not 
surjirisin**: to find the mountain sheep 
(Ovis) r(‘Corded in view' of the frequent 
occurrence of sheep dunj?. The presence 
of a slender-limbed camel is indicat<‘d 
by several broken skidetal elements 
This type differs in structural characters 
from the larp:e camel {Cain flops) re- 
corded at Rancho La Brea and may be 
closely related to a slender-limbed camel 
{Tannpolania) described from the Me- 



FIG. 7. VIEW OF ROOM 4 

From point at entrance to Uoom 5. Sloth duno layer w'itii bones or extinct mammals 

EXPOSED IN TRKN(’H ON LEFT; LIMESTONE D^IBRIS ON KHUIT. GYPSUM GaVE, NKVADA. 
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PIG. 8. (JKOUNn SLOTH AND ASSOCIATKD IfKMAINS 
From Eberhardt Cavern, Last Hope Inlet, Pataoonia. Fios. a , e , f , g,sKiu and excre- 
ment or ground 8IA)tii GloHsothenum . Approximately x J. After Santiago Roth. 
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FKi. 9 l)i:X(J OF KXTINCT (JUO(^NI) 
SLOTH yOTIlHOrUKHIl M 

AIM'KOXIMATKLY ' h Notk plant kf mains 
AND DKIKD MUCOl S (0M-KIN(} (iM’Sl'M <’A\L. 

Xk\ ADA. 

Kittripk deposits, a sppoiid asphalt ae- 
(‘umnlation of Quaternary a^e in (Cali- 
fornia. 

The relationships of the fourth type 
to be in(*ntioned, namely the horse 
(JiJqutis), have not been definitcdy deter- 
mined partieularly AMth referenee to tin* 
knoAMi sjieeies of horses from the Pleis- 
loeene of western North Ameriea 
Materials foinid in the dun<^ inelude not 
only skeletal parts but portions of the 
horny lioofs as Avell. 

No evidenee has appeared as yet indi- 
eatin<< the pre.senee of the larj^er and 
more formidable types of earnivores 
known to liave existed in Plei.sloeene 
time. While the smaller jiredatory 
forms are rejiresented by skull and 
skeletal materials in the collections, the 
|?reat lion, the saber-tooth eat, tlu\ short - 
faced bear and the dire wolf remain 
unrecorded. 


Pkoblkms 

Two problems of major importance 
are jireseiited by the (lypsum fCave oc- 
currence, namely • 

(1) Was man coexistent with some or 
all of the animals oc(*urrinj? in the de- 
[)osits ? 

(2) What decree of anticpiity in Qua- 
ternary time can be ascribcal to the mam- 
malian fauna anil more particularly to 
those types found in the dun^ layer ! 

A consid(*ration of the first qm^stion 
iuvolv(‘s a critical analysis of the evi- 
dence furnished by artifacts jiresent in 
the deposits and by the strati<*:ra[)hie 
relationships of the human cultural 
.stajifcs to the occurrence of extinct mam- 
mals. Tlu‘ archeologist, se(*kinji^ to cx- 
t(*n<l th<* early history of man in Amor- 



FUL 10. KIClHT HINT) FOOT OF 
xoTunoruEiniM 

View from above, apckovimatkia ^ \ Note 

PRESKNCE or HORNY SHEATHS ON (LAWS. 

Gapsuai (’aye, Nevada. 
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ica, is fortunate in fludinj? at Gypsum 
Cave material evidenee of past cultures 
and of extinct animals as ’well as a 
sequence in the stratif^rapliic oc(*urrence 
of this material. Thus far human skull 
and skeletal remains have not been 
found. While important archeoIoj;ci<’al 
material has b(»en scicured in all the 
chambers the cultural staj^es recorded by 
Ilarrinjrtoii in Koonis 1 and 4 need only 
be considered for purposes of th(» [ires- 
ent discussion. The interpretation of 
these* n»sults must await a more detailed 
study of the objects themselves and a 
more intensive investigation of the oc- 
currence, but some* of tlie noteworthy 
facts have been commented upon b}- Mr. 
Harrinj^ton 

Jn Room 1, as already mentioned, a 
trench throu^di the .strata revealed at the 
top unmistakable evidence of a Pueblo 
culture and of the Basket-makers. Some 
distance below this horizon occurred a 
\N ell-detined .sloth dunj' zom* with an 
intercalated layer of ji;ypsif(»rous mate- 
rial. Immediately below this dunj*; were 
found frag:ments of charcoal, although 
the dung itself is undisturbed. Here 
also w^as encountered a worked stick. 

In Koom 4, definitely (*mb(*dded in a 
gypsiferous layer intercalated in a zone 
of burnt dung and aslH*s, occurred a 
stone dart-point of an atlatl or throw^- 
ing stick. Within two feet of this ob- 
j(*ct and in the same layer was ahso 
found a limb bone of the ground .sloth 
Sothrothvrium, while in the layer of 
burnt dung above and not more than 
six feet distant from the dart-point were 
the charred and broken limb bones of the 
si ender-1 imbed camel. 

The close proximity and stratigraphic 
position of the artifact and the bones 
of extinct animals are of critical impor- 
tance in determining the po.s.sible con- 
temporaneity of man and these* mam- 
mals. While the presence of a single 

s M. R Harrington, The South- 

west Muhouiu, 4 (No. 2): 11(5-12, 1030 


dart-point may be accounted for on the 
basis of later intrusion, it is of signifi- 
cance to note that additional cultural 
mat(‘rial was found under .similar cir- 
cuiiLstances elsewhere in the cavern. A 
.suflficieiit number of artifacts has been 
recovered to permit Harrington to state* 
that the cultural stage includes objects 
of erud(*r type than those of the Basket- 
maki»rs. 

The .stratigraphic relationships of the 
cultural mat(*rial to the animal remains 
may indicate either a contemporaneity 
of man and types of mammals now' ex- 
tinct or a r(*cord of a past mammalian 
lift* on which has been superimposed or 
intruded a record of early man in 
America. Should the latter be accepted 
ultimately as the explanation of the un- 
usual occurrence at Gypsum C<ave, the 
period intervening c(*rtaiuly W’ould ap- 
pear to be of r(»lativ(*ly short duration, 
measured at most in terms of a few thou- 
sands or perhaps even hundreds of 
years. 

To tin* student of American Quater- 
nary lift* tin* d(*t(*rmination of the rela- 
tive antiquity of mammalian assemblages 
know’ll from within this period is of no 
less importance than the establishment 
of irrefutabh* evidence of an association 
of certain (*xtinct types with early man. 
It may be readily conceded that the tw'o 
que.stions are after all intimately rclati*d 
The unique facts concerning the occur- 
rence in Gypsum ('ave lend special im- 
portance to the locality in a .study of 
this problem. 

Within recent years much attention 
has been directed to the Quaternary 
land as.semblages of North America and 
to the chronological sequence of these 
faunas. Noteworthy contributions to 
this field of inquiry have been made by 
that venerable student of Pleistocene 
life, Dr. O. P. Hay, In an attempt to 

< M. B. Uarritigton, Srirnlifir A met icon, 
July, 1 ). :«). 
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— Com tin of tin Cmhinhf Musi nut, Yale I nnvixit\f 
FIG. 11. SKKLETOl^; Ol*' \OT IlllOTUKlil U M 
Side view, approximately a 1/M. Kkmains of epidermal strvc’Titres fan de shK.v ox 
ski^ll, shoulder blade, ribs and feet. Aden Grater, Nkv\ Mcxk'o 


(•valuat(‘ the evidenee witli a view 

to reaeliinj? a satisfactory judjjnient as 
to the relative antiipiity of a particular 
terrc'strial assemblajjre of the Quaternary 
tlie student lias recourse jiresuinably to 
several criteria. Amonj? others, perhajis 
tlie folloAvinj^ may be indicated: (1) Glc- 
curnuiee in j 4 :lacial or iiiterjjjlacial de- 
posits; (2) specific relationships to 
existiTif^ or to other fossil or subfossil 
assemblages; (8) chang('s in dislrdmtion 
of typos since period of deposition; (4) 
climatic changes as det(*rmined from (a) 
past and present distribution of organ- 
isms and from (h) associated plant rc‘- 
rnaiiis; (5) type of pre^servation 

With the exception of the strati- 
graphic criterion stated in (1), the cri- 
teria given above appear to have special 
application to the occurrence at Gypsum 
Cave. In some instances, howeVer, as 
for example the criteria stated in (2), 
(8) and (4a), the soundness of the judg- 


iiKuit reached as a result of their appli- 
cation d(‘pends in large measure upon 
the si/c* and ciompletmiess of the fauna. 
Care certainly must be exercised in 
drawing conclusions where the basic 
facts H'veal an incompletely known fos- 
sil or subfossil mammalian assemblage. 
With further excavations in the cavern 
doubtless other types will be added to 
the list already on record 

Careful study of the plant remaiie 
preserved in the dung may offer impor- 
tant suggestions as to the type of flora 
which prevailed in the vicinity of Gyp- 
sum Cave during the period of existence 
of the ground sloths and associated 
forms. Were it determined, for (‘X- 
ample, that the plants fed upon by thes<* 
creatures do not differ in type from 
those now found in the X(*roph.A4ie flora 
of the region there would be no special 
reason for postulating climatic condi- 
tions notably different from those wiiich 
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prevail there to-day. In view of the 
clone proximity of the cavern occur- 
rence to lake basins in soutliern Ne- 
vada, whose liistory may be related to 
that of Quaternary Jjake Lahontan, the 
climatic evidence derived indirectly 
from the flora may be of imi)ortanee 
in establish injr the period of oceu- 
j)aney of the cave in relation to certain 
slafTcs through ^^hiell these Jak(‘s have 
passed in Quaternary time. 

A relatively late ajj:e of the dunji: 
accumulation and of tlie embcMlded ani- 
mal remains is not of necessity impli<»d 
by the unusual pres(‘rvation of the mate- 
rial. It is conceivable that under the 
peculiar conditions ju-t'vailin^ in a dry 
cav<' the epich'rmal structures and excre- 
ment of Nothrnthrrium may have iinder- 
jroiie but little chanjre, (‘ven thoup:h the 
[)(»riod of tluur accumulation was lonjr 


aj^o. On the other hand, it must be 
admitted that the type of preservation 
may A^ith equal right be regarded as 
evidence indicating that the remains 
date from a late period of time. More- 
over, had this region witnessed major 
fluctuations of climatic conditions since 
the period when the cave was occupietl 
by the ground sloths it is diflicult to 
believe that the remains would now ex- 
hibit the remarkable jirc'servation which 
thej^ do. Jf the plant remains compris- 
ing the dung are ultimately found to 
rejiresent species which now form part 
of the living flora of the arid Southwest, 
this evidence and that present(»d by the 
excellent presi'rvation of the mat(*rial 
may indicate a remoteness of this life 
stage from the time of the last glaciation 
suflici(*nt to place it well within the 
Ilecent division of the Quaternary. 



THE WHALE SHARK OFF HAVANA HARBOR 

By Dr. E. W. GUDGER 

AMKRirAN MUSEUM, NEW YORK CITY 

and Dr. W. H. HOFFMANN 

LAIiOKATORIO FINLAY, HAVANA, CUBA 


That Rhineodon typus, the whale 
sliark, the largest of its tribe, is found 
in the Straits of Florida is attested by 
four captures on the coast of the penin- 
sular state and by two off the harbor of 
Havana, Cidia. Of the Florida fish, the 
first (18 ft. long) came ashore three 
miles north of Ormond 1 leach on .Janu- 
ary 25, 1902. The second (38 ft. in 
length) was taken near Knight's Key in 
May, 1912. The third fish (31 ft. “over 
all") was captured in the Bay of 
Florida, .June 10, 1919. The fourth 
(and to date the last) specimen from 
Florida waters was secured at Mara- 
thon, If) miles below Tjong Key, on .fune 
9, 1923. The three captures near 
Havana will now be described in some 
detail. 


The first of these, the fifth n‘cord for 
the Straits of Florida, was made on 
Noviunber 20, 1927, at Jaimanitas, a 
fishing village about five miles west of 
the mouth of Havana harbor. This fish 
and its occurrence in this region we have 
recorded elsewhere.' It was an adult 
male 82 feet in total length, its greatest 
girth was 18 feet and its estimated 
weight was nine tons. The weight of the 
liver was said to bi* tlOO pounds, and of 
the heart 43 pounds The body of the 
lish was reported to be si.v feet deep, and 
the small of the tail at the base of the 
caudal fin was so large that a tall man 
could scarcely encircle it with both 
arms. An idea may be gotten of the 
lAmrucan Mmtuvi Novitalca, no. 318, 7 p., 
4 figs, 1P2S. 



FIG. 1. THE FIRST HAVANA WHALE SHARK 

PARTLY OUT OP WATER AT JAIMANITAS AS SEEN IN LEJfT FRONTAL VIEW. NOTK THE HARPOON IN 
THE LEPT GILL REGION. NINE MEN ARE PERCHED ON ITS BACK. 
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FT(*. 2. KIGHT LATERAL VIEW OF THE FIRST HAVANA BUINEODON 

RUONVIN'O THE HLUNT HEAD, MEDIAN FINS, LATERAL. KEELS AND THE UPPER LOBE OF THE TAIL FIN. 

immense size of the fish by reference to tervals are vertical white or yellow bars. 
Fig. I, a front-lateral view showing the The intersection of keels and bars gives 
huge fisli witli nine men on its broad a checkerboard-like appearance to the 
back. sides of the fish. This is accentuated by 

An even better idea of the size of this the large white or yellow spots set in the 
great shark may be had from inspection middle of eacJi square. This is plainly 
of Fig. 2 in wliich the fish is shown in seen in Fig. 5 showing in detail a part 
lateral view. Here may be seen the of the side of the fourth Florida speci- 
longitudinal keels or ridges running men. The local Cuban name of the fish 
from the head region backward along is pez dama, in allusion to this. Now 
the side. Crossing these at regular in- pez means fish and dama lady, but the 



FIG. 3. THE SECOND HAVANA WHALE SHARK 

ON Tn® SHORE AT COJIMAB. NOTE THE WOODEN FRAMEWORK ON WHICH IT IS LYING, THE HAR- 
POONS IN THE HEAD REGION AND THE THIN STEEL ROPE CONFINING THE RIGHT PECTORAL. TH* 
WEDGE-SHAPED DARK REGION ON THE HEAD IS A SHADOW CAST BY ONE OF THE ONLOOKERS. 


THE WHALE SHAIilv OEE HAVANA HAKBOR 
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Cubans do not mean ‘‘lady fish” by this 
appellation, for dama also means check- 
erboard. Hence when it is lo(*ally called 
pcz dama, this means “checkerboard 
fish” to the liearers. The blocked-off 
sections of skin with their enclosed larj^e 
round spots certainly do resemble a 
checkerboard with the checkers in tlie 
center of each s(juare. 

In a head-on view of the first fish, Fig. 
4, one may get a clear idea of the cav- 
ernous mouth, large enough to tak(‘ in 
a grown man. Now the term shark is 
synonymous with voracity and ferocity, 
and the mouth (especially" of a large 


Havana shark allowed a boat to be 
“nosed” against him while a harpoon 
was being thrown into his left gill re- 
gion. Even after being harpooned, he 
made little or no disturbance but merely 
dragged the boat around after him for 
some 20 hours until finally, w^eakened by 
loss of blood, he allowed himself to be 
lowed to the shore. 

The set'ond Havana whale shark w"as 
captured on March 10, JOOO, off Coji- 
mar, a s(»aside town about five miles 
east of the mouth of Havana harbor. 
We liave madt» a faunal record of it 
elsewlu're.- This fish like the other was 



FIG. 4. NEARLY HEAD ON VIEW OF THE FIRST HAVANA BlUXEODON 
SHOWING THE CAVERNOUS MOUTH WITH THE TOOTH BAND OE MINUTE TEETH IN THE LOWER JAW. 
The HARPOON SH0W"N is the one used in its capture 


specimen) is supposed to be full of large 
sharp cutting teeth. In the loAver jaw 
of this 32-foot s])ecimen the tooth band 
is fairly visible. The closely set back- 
wardly pointing teeth are only about 
one eighth of an incli in length, and, 
unlike the dental apparatus of most 
sharks, can function for retention only. 

As for ferocity, the whale shark is 
everywhere reported as sluggish and 
stupid — ^this has been markedly true 
of all the Florida specimens. This 


also a male and but slightly larger 
(about 34 feet over all) than the first. 
It or another fish had been seen off 
Cojimai- for some three years previous, 
and had been appropriately dubbed “El 
Elefanle.” So w^ell known was it that 
a merchant of Havana had subsidized a 
crew of fishermen to hunt for it, and 
had provided them with specially made 
tackle — harpoons, ropes and buoys. 

The manner of capture of the Cojimar 

^Science, 71: 639-640, 1930. 
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fish was different from all other methods 
known to us for the taking? of the whale 
shark. The fishermen in two gasoline 
launches easily approached the sluggish 
fish, and, manipulating a thin steel 
cable by means of long bamboo poles, 
managed to put over tin* head and 
around the body of the fish a double 
slip noose. The small wire rope was 
then drawn tight about the body of the 
fish, confining the pectoral fins and 
materially hampering the activity of the 
fish. This shark was e«))tnred in the 
open sea about a mile from shore where 
the vut(;r was d(jep enough to enable the 
fish to escape by divjng. To hinder his 
submerging and to locate him if he did 
dive, two steel ])etroleum drums were 
affixed to the steel rope. Thus held 
more or less at the surface, Hkineodon 
was attacked with harpoons and also 
about 50 shots were fired into him from 
a Winchester rifle. 

Thus held both by the lasso around 
the pectorals and attached to the drums. 



PIG. 6. A PORTION OP THE SIDE OF 
THE WHALE SHARK 


SHOWING TIIK CHECKKRBOARD ARRANGEMENT OF 
KEEIifi, CROSSBARS AND SPOTS WHICH LEADS THE 

Cubans to call it ^‘Pez Dama*' — cukckeR' 

BOARD FISH. 


and by harpoon lines fastened to the 
boats, Bhiiieoclon was towed and driven 
into Cojimar Bay. The fish does not 
seem to have offered any material resis- 
tance to all this, and finally died from 
loss of blood about 24 hours after he was 
attaek(Hl. l^ut although at the shore, it 
was tremendously difficult to get the fish 
out on the beach. Forty men tailing on 
ropes were unable to drag him out, and 
this was finally effected only by getting 
him on a raft-like structure and hauling 
this and tin* fish ashore by means of a 
winch or crane. 

Fig. shows the second Havana 
wdiale shark on its wooden skids or 
frani(*work drawn out on the beach. 
Plain to be seen are the eiicireling wire 
rope and tin* tw^o harpoons in the region 
back of the head. Tlie color markings 
show^ plainly save that over the head is 
a wedge-shaped black shadow which 
gives the head a bizarre appearance. 
The very small right eye is seen low 
down on the side of the head, just 
in front of Ihe piece of wood on which 
the body lies. Unfortunately we have 
not been able to get any other photo- 
graphs of this specim(*n. 

From tin* data presented above, it 
seems very probable that other whale 
sharks will be taken in the Straits of 
Florida and in adjacent waters. Rumors 
reach iis of various great sharks seen in 
Florida waters, some of wdiieh may pos- 
sibly have been wdiale sharks. An un- 
confirmed newspaper account tells of 
one seen this spring off Bimini, Ba- 
hamas. And for waters off Havana 
harbor, the fishermen speak of various 
great sharks, some spott<*d, seen at vari- 
ous times of the year. We know practi- 
cally nothing of the habits of Rhineo- 
don, but it seems to come near the short* 
and hence into shallow water at those 
times of the year when the sardines are 
shoaling. This agrees with accounts 
coming from a scientific correspondent 
in the Seychelles Islands, western In- 
dian Ocean. There seems to be no doubt 
that it feeds on these small fish. 


REFLECTIONS ON THE STRUGGLE 
FOR EXISTENCE 

By Dr. GEORGE J. PEIRCE 

PROKKSSOR OF BOTA^ Y AND PLANT PII^ SIOT,00 V, STANFORD UNI\KRS1TY 


If any excuse is needed to justify 
resurrecting this hackneyed phrase it 
can be found in the fact that the phrase 
is by no means as meaningless in reality 
as it is in the minds and mouths of most. 
To those ^\ho lead the sheltered and se- 
cure if modest lives of Academe there 
may come affliction, trial, bereavement, 
hard work, enforced economy, monotony 
and protracted ness of dress, and the 
various other ills of which they grumble; 
but their lu'xt meal depends upon their 
own imuKMliate exertions oidy as they 
may voluntarily and for pleasure be 
carrying lunch or whipping a trout 
stream. This next meal is not the fruit 
of the earnings of the next odd job; and 
the night rest eom(»s elsewhere than on 
a park bench, in a “flop house “ or in an 
ash barrel. They are a protected 
people. Connected with educational es- 
tablishments the parts or the whole of 
which may find the annual statement 
“in the red,’’ tliey find it so because 
authority p(»rmits living beyond the cor- 
porate income, knowing the need, the 
opportunity, the obligation, and confi- 
dent of not too long defernNl recogni- 
tion and readjustment. They do not 
go to the bank to find that their salary 
check has not been deijosited on the date 
due. Like other salaried persons an ho 
are parts of honorable and successful 
organizations, th(\v can count on the 
monthly, quarterly, annual income. 
This is very different from the inde- 
pendent in business, financed as an in- 
dividual and not indebted to stockhold- 
ers common or preferred. The inde- 
pendent in business, balancing his books 
at the end of a stormy period, may find 
that for himself, when all current debts 
are paid, there is nothing left to com- 


pensate him for his year’s labor, thought, 
an\i(*ty, nothing to support himself and 
his family. From this professors are a 
protected ix'ople. There are no uucer- 
lainties of trade with them, once they 
have mad(‘ the general bargain as to 
rank in salary ; though, in the academic 
world, as elsewhere, miergy, worldly 
wisdom, (»\ecu1ive ability and jicrsist- 
ence yield their expected returns. 

Professors are even more protected 
than this, for th(*y know that unh^ss they 
are worse than flagrantly idle, unless 
they are flagrantly vicious according to 
the usual standards, tlu^y will almost 
certainly be continued in their secure if 
modest incomes. They are not oblig(*d 
to maintain a quota of sales, or to do any 
other stipulated task, lest they lose the 
agmicy for Fords or fori'stry or forensics, 
in their district. There is no struggle 
for existence: they survive* anyway, ex- 
cept in those rare instances wdiieli are 
investigated by the committee on aca- 
demic freedom of the professors’ union. 
The reason and the results of this pro- 
tection may retain our interest for a 
moment. 

Ill academic life there is no single 
gauge by which to measure usefulness or 
attainment, for there are so many kinds 
of work to be done. The teaching of 
undergraduates may be done with such 
high ami single purpose, and such charm 
and dignity, that the bachelor of arts 
carries through life affectionate respect 
for tin* professor who showed him all 
the.se, with his (Ireek; or it may be so 
done that most bachelors remember only 
the amusing vagaries of a teacher, the 
contagion of whose enthusiasm may be 
caught by but fiwv, but wdiich inspires 
and guides graduate students to seek 
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to penetrate the depths. The conduct 
of academic business by a distinj^uished 
teacher may be such as to (tlof? tlie works, 
while a ^emn-ally unknown man may act 
with such tact and promptness tliat one 
is unaware that everyone is comfortable, 
that the library has the books one needs 
(A\here did 1h(*y come from? wlio or- 
dered them?), tliat equipment and ma- 
terial are ready when required. This is 
good housekeeping. TJie coordination 
and cooperation of undergraduates, 
graduates, departments, staff, alumni 
an<l the general public are not the 
product of chanc(‘. Some one man in 
tlie university brings it about, con- 
tinuing and increasing it. Hut such 
symiiathetie appreciative understanding 
does not come about as the result of 
ways unchanged since the Universities 
of Ah'xandria and Bologna were founded 
by a proe(‘ss of aggregation. The col- 
lege's and universities do not meet tin' 
changing needs of a changing world ex- 
cept as int<»rest and thought are applied 
to the new jiroblems with no less earnest- 
ness than to archeology and paleon- 
tology. 

So, with no su<*h .single simple gauge 
of individual and corporate usefulness 
and attainment as tlu* .sal(*s quota or the 
cash dividend, the universities find them- 
selves protecting dead wood from tin* 
re.sults of decay at the .same time that 
they an* fostering and promoting the 
most precious products of civilization, 
its scholarship and its youth, increasing 
their usefulness and their satisfactions. 
A university is a gi-otesquely inefficient 
organization, but a vastly effective one. 
It is the former because the phenomenon 
so giuieral in the world of nature, the 
struggle for existence, i.s excluded from 
it; and it is the latter for the same 
rea.son. 1 have in mind an average pro- 
fessorial garden, one in which the work 
is done by loving and not hired labor, in 
which there may be weed.s, but in which 
also there are unusual things, plants or 


arrangements. The yields a commer- 
cial flori.st might find quite inadequate; 
but pleasure, interest, health and even 
some biological knowledge (such as ac- 
quaintance with snails) are regularly 
produced. In that garden there is and 
there isn’t a struggle for existence; for 
the gardener removes what he will, the 
survivors are not the survivors in any 
ordinary struggle for existence, they 
survive according to the intervention of 
the god (or the goddess) of their little 
world. Our iiniversilies are like our 
gardens, planned for a little more than 
the available incomt*, not standardized 
like pianos, but each pos.sessing its own 
quality like an organ. And in our uni- 
versitie.s, a.s in our gardens, plants 'which 
are not doing their utmost may never- 
theless justify their retention. Pro- 
ductive' .scholarship, zealous re.search, 
effieieney, leadership and all the other 
rubb(*r stamps of our vocabulary yield 
on rofleeiion to charm, oluiraeter and 
clear tliiuking- -the gifts of (lod and the 
product of man, the examples more 
potent than precepis in academic as well 
as ill so-called practical life. 

Brought ui) where the N(‘w England 
conscience originated, 1 have often 
w'onden'd, si nee coming West, wdiy work 
should be considered so virtuous. One 
must work to keep alive wdiere woather, 
soil or subsistence are inadequate. Does 
not the New Englander therefore make 
a virtue out of a necessity? And is not 
this perhaps the origin of all virtue, 
morals and religion? Why does not 
the w'orld ow’c us a living? Do not those 
organi.sms, human and other, succeed 
best which are not independent, self- 
supporting, self-nourishing? 

While granting that analogy is not 
argument, as a biologist I automatically 
turn to the w^orld of nature for answer 
to some of my human problems. If I 
correctly apprehend the plant and 
animal world, I see one peopled with 
unnumbered kinds of living beings. 
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They raiif^e in size from the invisible to 
the monstrous ; in behavior from the 
motionless of the sea-anemone and the 
oak to the swiftness of horse and swal- 
low; from complete, independent, indi- 
vidual, self-contained existence to the 
parasitism of the invisible inhabitants 
of the body cavities of their hosts. They 
vary from the persistent sliyness of the 
rabbit and the snail to tlie boldness ol* 
the blue jay and the squirrel. I see all 
sorts of associations, all sorts of compe- 
titions, all sorts of selfishness, and no 
manners The chipmunk, favorite of 
children and of many physical adults, 
becomes a secondary tenant of my Sierra 
camp when melon s(*eds and other deli- 
cacies useless to man ai*e available 
When Mr. or Mrs. ('hipmunk comes 
alone, or brinj.(S the childnui, they pre- 
sent a charminjr, not to say edifyinjjf, 
s])cctacle; but ](‘t Mr and Mrs. come to- 
j^ethcr, the children will wisely stay at 
home (whether of their initiative or 
their parents^ I do not know), and there 
is no evidence of j^allantry or of wifely 
devotion, there is no conjugal felicity, 
there is no partnership, no sharinjif in 
prosperity, there is only tin* stru«:j?le for 
melon seeds, often accompanied by a 
cuff or a snip and a scpieak, and that too 
in spite of tlie fact that Mrs. diipmunk 
may be carryin^^ Mr. Cliipmunk's un- 
born children, and necessarily be less 
swift and ^rraceful than in her younprer 
days. Perhaps Mr. Chipmurdc nfforms 
and takes on some manners Avhen Mrs 
Chipmunk is confined, but he (and she) 
certainly have none before and after 
that event. 

And what of the children? Pejrotten, 
nolens volens, they conn* into the \Norhl 
togetlier, without choice of parentof?e, 
degree of prosperity or social status. 
Fed they are for a time, and warmed 
also. The world owes and provides 
them a living, but it doesnT la^t long; 
and even amongst themselves the little 
ones struggle, for more milk, more 


warmth, more comfort and protection. 
Shortly they are themselves scurrying 
for melon seeds and running away with 
tlnmi, with a cuff or a snip and a squeak 
for their f(»llow stragglers against death 
by starvation. 

In the behavior of my chipmunk 
neighbors I see no sentiment, no 
altruism, no code of morals or ethics, no 
parental care beyond the brief p(*riod of 
helplessness, no filial devotion, no care 
for the old and feeble There are no 
feeble chipmunks, and I hav'e never 
recognized an old one. 

Furthermore, the chiiimunks are com- 
pletely democratic. Human democracy 
has been variously defined as a slate of- 
fering equal opportunity to all, or, as I 
heard a scoffiT say once to the major 
“minor pro})liet of democracy,” a con- 
dition of equality among autocrats 
Human d<*mo(*racy was invented by the 
brighter sufferers in order to eipialize 
the struggle for existence among nation- 
als of the same state or country. It was 
a step away from individualism, and yet 
the individual has flourislied under it as 
ne\(*r before. The complete and perfect 
democracy of the individual, as one sees 
it among ehipmiinks and many other 
animals, is not the aim of political or 
social leaders among men. These are in 
fact promoting class or social democracy 
instead, eipinlizing opportnnit.N by re- 
ducing social or political or economic dif- 
fermiccs. And ccTtainly the aim is not 
ecpiality but advantage, the benefiting 
of tlie promotor and bis or her follow- 
ing. The socialist wishes socialism and 
the social revolution only so long as his 
own self, family or class will be bene- 
fited t)ier(»by. Does one encounter a 
rich socialist, yet a sane one, who advo- 
cates the destruction of the system of 
propc*rty? I have yet to see one, 
although I have met several persons who 
still consider themselves radicals, social- 
ists, progressives or what not but who, 
when given the opportunit3% so eon- 
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ducted themselves that they were mis- 
taken for eouservalives, reactionaries, 
stand-patters. 

In a periVet personal democracy, 
where all are created Tree aiul ecpial, 
and are entitled to hie, liberty and the 
pursuit of happiness, there must be in- 
equality if the members of the democ- 
racy are to thrive, for a democracy 
without leaders is merely a free for all, 
a stnij^gle, without perspective, for ex- 
istence. In the chipmunk world, so far 
as 1 know, then* is eipiality of a sort, 
for the (*liane<*s of ;jf(‘ttin‘jf melon seeds 
or <i:rains from the wild grasses are the 
same for all chi|)munks in the same 
vicinity; and tli(*re is imsiuality, for the 
swiftest, most nj^ile, most intent and 
most inconsiderate will ^et the nuhst 
seeds or ^^'ains. Such an individual 
will have the best chance to survive the 
winter, for lu* will be better f(*d, better 
fatted and better fum'd than his fel- 
lows; and he may have a “bijjffi^er and 
better’^ family in the following spring 
Because of their individualism, how^- 
ever- or as New England used to have 
it, “Every man for himself, and the 
Devil take the hindmost -this bigger 
and better family does not constitute 
itself a leader in cliipmuiikdom, the 
democracy remains a pure democracy, 
with eipial opportunity to all, equal 
neei'ssity to sink or swum, live or die, 
survive or perish. 

In the competition with the other ani- 
mals seeking melon seeds, grains or nuts 
one sees an Ishmaelitish struggle, each 
against every other and every other 
against him. There is never more than 
momentary protection for any one, 
never more than momentary advantage 
of any sort. (Jreater w'eight, stn»ngth, 
agility and determination may charac- 
terize one of two animals fighting for 
“a place in the sun'^.; and if the fight 
be like those chemical reactions wdiich 
run to the end, there will be only one 
survivor. Tlie same advantages may be 


possessed by individual cliipmunks over 
other individual rodent competitors, 
with the same result. Such competi- 
tions may result in individual initiative, 
originality, astuteness and downright 
intellect ol‘ most astounding sort. If I 
could tell wild animal stories as I have 
heard them from the lips of the 
bronzed, brave and unseutimeutal mem- 
bers of the United States Biological 
Surv(*y, you Avould marvel wuth me at 
the skill emihling a killer wolf, for ex- 
ample, to maintain himself or herself on 
llic raug(* for montlis in spite of boiin- 
lies, traps, guns and mounted men. 
Survival is the fruit of sheer intellectual 
ability and attainment, of competition 
w’hose ordy limit is the capacity of the 
contestants, whose end is the limit of 
endurance of one or both parties, and in 
which both brain and brawn are nc'cded 
and used. 

In favor of the killer wolf a consider- 
able amount of s(*ntiment might be 
aroused in this community, though not 
in lUah, because the wolf after all was 
already (*stablish(*d in the land, with his 
owui high standard of living, his con- 
siderable degree of comfort, not to say 
clcganc(», his intelh'ctnal quality as wit- 
nessed by his small family and impor- 
tant social connections. What justifica- 
tion is there for white* men attempting 
to pein*trate a territory in wdiicli In- 
dians, wolvi's, chipmunks and grasshop- 
pers had attained .such a balance of 
power as to constitute a fairly commo- 
dious system/ Did necessity or the 
desire for otherwise unattainable ad- 
vantage drive the Pilgrims to the bleak 
coast of New’ England? Did neeessity 
or desire for advantage* compel the west- 
w’ard me3ve*inent? Was the desire to 
abolish slavery, or the elcsire to equalize 
labor and either costs eif production, the 
fundamental cause of the struggle 
which did not equalize wages in the 
North and the South, but w’hieh has 
made of our country the most powerful 
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economic unit to-day? Is it fear of 
economic competition or of undue 
crowdinf^ in our empty spaces wliich is 
the inspiration of our objection to Asi- 
atic immigration jf 

In the modern human struj?<?le for 
existence, for comfort, for prosjierity 
and for peace of mind ue have ji^one 
very far from tlie simple individual 
diMiiocrae.y which is a free for all in a 
s])arsely settled area, ()r<?anization and 
leadershif) have destroyed the individ- 
ualistic condition, and uo have attained 
a ^M’eater de‘^r(‘e of jirosperity for 
man\, and ind(‘(*(l frreater comfort and 
safety for all, than would otherwise 
have been possible* (Vniibi nation amoiif' 
equals may lead to more suc(*essfal deal- 
ing: with coinjictitors of other sorts, but 
it promplly leads also to comi)(‘tition 
within the combination, and out of this 
internal competition come leadership 
and subordination, cooperation, disci- 
pline and obedience. Equality prevents 
success in the stm^^j^le for (‘xistence and 
destroys itself soon(*r or later. 

AVhy there must be the stru^^prle for 
e\ist(*nce is obvious (‘iiough, for one 
need realize only that the world is too 
full of things, living and lifeless, for the 
individual to survive Avithout effort 
Out of tin* struggle for existence have 
come combinations among animals which 
have placed some far up in the scale of 
existence, wdiih* those which liave per- 
sisted in i)ure democracy, in individual 
equality, have developed but little more 
than tin* plants. One may point with 
pride to the forest as an example of a 
successful pure dt'inocracy ; but so are 
a poison oak tangle and a colony of 
gelatinous algae successful in a way, but 
only in a very limited w^ay. 

Among ideals there is a correspond- 
ing struggle for existence. We have 
seen that under the conditions prevail- 
ing on the earth to-day pure democracy 
is impracticable. We liave abandoned 
it in fact, though not in fancy, for w’c 


have accepted the ideas of combination 
and leadersliip. To these ideas of com- 
bination and leadership w^e have at- 
tached altruistic ideals in order to con- 
trol combination and leadership wdthin 
such bounds that, while national or 
local Jiiiman society is successful in 
c'ompetition with its neighbors, the com- 
pon(*nts of the society may have a fair 
share in the Ix'iiofits. \V(* want and 
submit to leadership so long as we eon- 
sid(*r it good for ourselv<*s. We choose 
leaders, or have them clioscn for us, 
according as w^e vote for president or 
install a college president. And accord- 
ing to our tastes, wdiat we enjoy, the 
])rinciples avc were provided with and 
perhaps still retain, w’c are citizens of 
the republic, not calling our duty done 
when grnmblingly pay taxes and 
criticize the administration, municipal, 
state and national; or W’c are w’ards of 
the eommonw^ealth as truly as if we were 
Indians or incomp(*tents. 

In so-ealled practical life tho’e have 
devel()p(‘d media of exchange -money, 
position, invitations and visiling cards. 
In academic lil'i* we have a little of 
these, and some others. Perhaps the 
most ac(*laimed of these otliers are dean- 
ships and research Doanships are like 
certain plants, thriving and prolific 
only under (piite suitable condilions. 

The history of the American universi- 
ties records great growth in attendance, 
the development of organizations d(*- 
signed to give to their students the 
utmost advantage of residence, but with 
an increase in income not e<(ual to tlie 
costs of increased numb(‘rs and the in- 
(M’eascii living oxiionses of their staffs. 
American youth has resorted in great 
numbers to the universities and colleges 
in the belief that in them it would find 
advantage, temporary or enduring, pro- 
portioned to tlie expenditure of time 
and money. Without our specifying 
wdicther this advantage is social, schol- 
arly, vocational or amusing, it is gen- 
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emlly accepted as adequate. The num- 
bers have come, and the necessity of 
caring for them has resulted in organi- 
zation which has produced advance- 
ments more rapid than scholarship 
alone could win. These promotions in 
rank and salary have been awarded in 
recognition of the nec'd of the hour and 
of the executive capacity of tlie individ- 
ual. The phenomenon has been so 
general in America that the young 
scholar would have been blind or hope- 
lessly stupid not to recognize tliat the 
surest road to acachunic preferment and 
economic amelioration lay in this direc- 
tion rather than in research. Pure re- 
search as a means of livelihood was not 
safe 

We are engaged in our i*espectivc sub- 
jects of study and teaching because 
they are what interest us most; we are 
more curious about th(*m than about 
any other subjects of human impiiry; 
but we have, in addition, interests and 
obligations which, if we are conscious 
and conscientious, we also feel that we 
must attend to The man who marries 
and has children has duties commen- 
surate with his growing privileges. Tin* 
man married or unmarried who lives in 
a commonwealth, as distinct from a 
benevohmt academic autocra(*y, has 
obligations as a citizen These are not 
limited to the periodic casting of a dis- 
satisfi(‘d ballot for candidates for public 
office too often only a little less inade- 
quate than their rivals. The man, 
therefore, wdio is primarily interested in 
philosophy, philology or finance finds 
himself a citizen, a husband and father, 
a bread-winner. Unaccustomed in this 
new country to the old world conven- 
tions and conveniences of marrying 
wealth and employing servants to care 
for household and laboratorj^ drudgery, 
the young man who contemplates a life 
devoted to research realizes that it is 
attainable only at great sacrifice, not 
necessarily exclusively Ids own. Even 


if he have an adequate income by gift, 
bequest or marriage, the academic estab- 
lishment of which he is a part is un- 
]ik(‘ly also to have an income adequate 
to the provision of such persons as will 
so relieve 1dm of drudgery that he will 
be free to pursue his own taste without 
thought of others. Conditions generally 
in this couni ry, then, are economically, 
socially and conscientiously agaiiust the 
scholar who would prefer research to 
the writing of income-producing books, 
to the rendering of extra-academic pro- 
fessional services for i^ay or even to the 
filling of intramural academic office. 

The young scholar may even j)onder 
the question whether the curiosity 
which he feeds about nature or society 
or human history is in itself of finer 
quality and more deserving of support 
by his fellow citizens than other men’s 
hobbies, for whitdi they themselves pay 
^‘The honor and dang(*r of the trusts to 
which we are called”-- to quote the 
prayer whicli is heard on academic 
occasions in one of the uidversities of 
the Far West- -inq)ly an obligation so 
impressive that one may modestly won- 
der whether one is fulfilling it in self- 
indulgence. Collecting Indian skulls 
may be no more honorable than collect- 
ing Indian baskets. Collecting “data” 
may be no more valuable than colh'cting 
postage stamps. From stamps, data, 
baskets and skulls one may derive per- 
sonal satisfaction ; one may learn the 
ways of human and of other nature, 
one may discover laws of development, 
distribution and design, but one will 
stop at one point or another, short of 
the highest goal, according to the limits 
of imagination, ambition and conscience. 

Research, then, is not in itself more 
than the vision of those who pursue it. 
It is worthy or unworthy according to 
the ratio of the cost to the value of the 
product. It is like all other human 
things, fine or selfish, a carving or just 
chips. And yet, because we have so 
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often heard research extolJed as the 
scholar’s hif?hest aim and hij^hest ser- 
vice, conscience pricks us if wo do not 
make some other scholarly effort than 
the mastery of some field of knowledge 
and the training in it of those who re- 
sort to us for guidance. 1 assume that 
there is not one of us who is not curious 
about this or that ‘‘unknown,” who is 
not desirous of satisfying that curiosity, 
who would not gladly devote himself to 
the satisfaction of such curiosity, who 
would not make his contribution to 
knowledge* if his obligations permitted. 
To s<*c one’s duty fairly, in its true pro- 
portions, in its true relations to the 
university of ^\hicll we are parts as well 
as employees, and to those* about us; 
and then to do one’s duty, that is what 
each one desires, and for the most p*art 
what each one does Research is hut 
OIK* duty, one id(*al. Devotion to it may 
be as misguided as entering a cloister. 
To be a saint or a scholar may be very 
useless ! 

As we pass in this western w^jrld 
from the pioneer stages, in which the 
white man has successfully displaced in 
the .struggle for existence the former 
occupants of the territory which he has 
invaded, we approach the conditions 
prevailing in the older countrie.s of our 
Avorld. In the old(*st countries, in the 
crow'ded conditions of Asia, in the less 
old and less crowded conditions in 
Europe, w^e see wiiat is before us, unless 
man learns to effect a new' balance in 
the civilization which he is making. In 
the civilizations of w'hich ours to-day is 
the modern replica, essentially the same 
balance has always prevailed Honors, 
rew'ards and pow^r have been given 
alw^ays to the non-})roducer, first to the 
man of might, the militarist, later and 
lo-day to the man of means, Ihe pluto- 
crat. We have always attempted to do 
what is contrary to nature. We light 
the dark houi*s, w'e build against grav- 
ity; man, a land animal, travels upon 


and in the sea; and now he attempts to 
traverse the air. He scorns time and 
distance as facts, and reduces them to 
their lowest terms. He ignores his abso- 
lute d(*pend(»nce upon food and drink, 
and crowds togetlicr so that neither he 
nor his neighbors can grow or capture 
food. By th(j bounty of nature lie sur- 
vives — destroying the producers of food. 
He fells the forest for fuel, housing, 
furniture; he converts the grazing 
spaces to golf courses or other less amus- 
ing uses; lie makes the land so valuable 
that it can not be planted to food crops: 
ho goes where rain is scanty, and he 
makes the soil naked so that it w'ashes 
aw'ay. He demands food and drink 
and, with niggardly hand and unthink- 
ing mind, plans w’hat he is pleased to 
call “farm relief.” So far as I can see, 
the world will never be safe, for democ- 
racy or anything else, until man recog- 
nizes his absolute dependence, not upon 
raw materials, mineral resources, coal, 
oil or other sources of usable energy, but 
upon the two things which he can not 
make, and one of which it would seem 
that he never can make in sufficient 
amount to satisfy even his minimum 
reipiirement.s. The clothes moth makes 
its own water by its own physiological 
processes; but w'lu) would pattern after 
the clothes moth even if lie could? But 
uo animal mak(*s its own food In this 
laiul of white collars W'e reward those 
wlio can buy them. Wo do nothing for 
the men who grow tlie liiH»ii, the eotton 
and the starch to make* them serviceable 
and, according to our esthetic standards, 
fitting We compensate, more or less 
uncertainly, the man who grows luxuries 
on land for which he paid $1,000 an 
acre. We force the wh(*at farmer to 
produce bread at sucli a price that he 
must grow it so far from the market 
that his own wage, being what is left 
after paying for freiglit, handling, 
storage and the percentages of every 
handler between liimself and the con- 
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sumer, is so small that a grain-broker 
would consider it negligible. Our food 
must be grown on the cheapest land if 
we are to buy it in siiflBcient ciuantities. 
The cheapest land is that most remote 
and hence least desired for other uses. 
Tliis fact entails the long and costly 
haul to market, the repeated handlings 
by man or machinery, the risks and 
rents in transit and storage. The mill- 
ing would cost roughly the same any- 
where and at any tinu*. The agricul- 
tural [)roblem and this is the crux of 
the problem of the struggle for existence 
- is due to our having emphasized and 
rewarded everything but the essentials 
of our existence. 

In this funny uorld of ours, in this 
amusing country of ours, we have long 
discussed the device of tariffs. We have 
invented octroi, customs dues and 
finally duties for the protection of in- 
fant industries. We have succeeded so 
remarkably that Fords and safely razors 
are in the hands of almost all of us. 
But breakfast should follow the use of 
the razor, and lunch and dinner must bt* 
supplied to the driver of the Ford. 
Bread, meat and milk are furnished in 
return for w^ages the very lowest. This 
has always been the case, but it is neces- 
sarily so only because of our miscon- 
ceived civilization, a civilization the 
honors and rewards of which are given 
to tlie least necessary parts, a broaden- 
ing civilization the pyramid of which we 
have built upside down. The reason 
for the turning of youth from the farm 
to the town is the miserable, the de- 
layed, the uncertain pay for producing 
what we can not get along without. 
And if, in the struggle for existence, the 
farmers fail, our civilization will have 
destroyed itself. We grant, in debate, 
that agriculture is the foundation of 
prosjierity and even of existence, but we 
do nothing to preserve it, we do every- 
thing can to undermine it. We 
charge our colleges of agriculture with 


failure to produce farmers. Have our 
medical schools failed to produce physi- 
cians and surgeons, our law schools 
failed to })roduee attorneys? We re- 
ward their products with the pay they 
require. Our theological schools have 
failed. Why? For the same reason 
that our colleges of agriculture have 
failed, namely, that the compensation 
for training and knowledge in these two 
fields is so inadequate. We still see 
some young men of brains and charac- 
ter, as w(‘ll as devotion, entering upon 
the ministry to souls; and perhaps some 
young men of brains and character and 
tlevotion mitcu'ing, with inherited capi- 
tal, upon the ministry to stomachs. But 
without capital how can one start to 
]>rodiice wheat or corn or meat? If the 
capital be only the land, and the young 
man be uinvilling to use wife and chil- 
dren as laborers, Iiow far can he go? 
Tie must buy s(‘(*d, imphuuents and 
transport for his harv(*st, and his pay 
IS what? 

I see no immediate prospect of our 
civilization remaking itself. On the 
contrary, until civilization is forced by 
hung(»r, in the struggle for existence, to 
insure its food supply, the care of indi- 
vidual and public health, the protection 
of propi'rty and even the aspirations to 
a higher life will simply intensify the 
struggle for existence We must read- 
just our rewards; we must compensate 
the proilucers of necessities at least as 
richly as we reward equal ability in 
other lines. 

But to do this implh's a social revolu- 
tion in comparison wdth which those of 
the recent and more remote pasts are 
trifling; in whicli human nature, alw\ays 
controlled more by sentiment than by 
reason, will have to overcome the habits 
of centuries; in which wars, epidemics, 
famines will have their terrible parts; 
and before man achieves it or under- 
stancLs it, will have taken enormous toll 
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ill human life. For until we have 
seeureJ our food supply, we shall con- 
tinue to be in jeopardy. 

On the Mojave Desert is a settlement 
of six hundred souls, watered by a 
slend(*r piiie-line miles long, supple- 
mented by wells whieh furnish water so 
alkaline that it can be used only for 
washing and wdiich gives tin* skin a 
curious sliminess. All the food of the 
community comes over a single track 
railroad thirty miles long. The eom- 
munity can make no w’a1(*r, grow and 
capture no food, on the desert. Nor 
would the community be better olf if it 
consisted of oiu* person instead of six 
hundred, including women and chil- 
dren, for the Mojave will not feed even 
a ''desert rat ” New York City has 
(*nough milk for a day and a half, other 
food for three days. Other communities 
are no better off, and if we all became 
farmers wlum our supplies fail it would 
do no good, for it takes tinu* for food to 
be produced. Food is seasonal; it must 
be grown in summer and stored against 
the winter, spring and summer, till the 
succeeding harvest refills the granaries, 
or it must be captured. Races depend- 
ent upon the chase, whether upon land 
or sea, are limited in numbers and live 
scattered over extended areas. But 
civiliz(*d man lives no less uncertainly, 
though less obviously in jeopardy, till 
w^ar or pestilence or calamitous weather 
reveals his weakn(»ss. Perhaps you 
imagine T am indulging in diluted allu- 
sions to the doctrine of Malthus. Not 
so. What I have in mind goes much 


further than Malthus; is truly wild if 
you will. While I believe wdiat I think 
Malthus said about the relation of sub- 
sistence and population, I am saying 
that to insure any population beyond 
the sparsest and most active in the 
chase there must be due reward for the 
production of subsistence. The hunger 
of others will not cause you and me or 
any one else to take the bread from the 
mouths of our wives and children or to 
rob them of their seed corn for the next 
gear’s harvest. Wc* saw this very re- 
eently in Russia. Tin* farmer will (‘on- 
tinue to support the town onlj" if he is 
paid for it, not if he is forced to the wall 
in the struggle for existence. His w^ork, 
tlH» most necessary and hence the most 
important, dtvserves no less rew^ard than 
that of others. If he had learned the 
arts of combination w^e should know" our- 
selves to be at his mercy. He seems to 
be at our mercy, for w^e forc(‘ him to sell, 
and to undersell his neighbor. The 
result is the diminishing farm popula- 
tion. Tf this go too far, w"e shall all be 
hungry. 

But if, inst(‘ad of basing our civiliza- 
tion on an insecure food supply and 
pleasing ourselves with luxuries, we, in- 
sure the production of food by proper 
comp(*nsation for the producer, we can 
be sure of the future. Then man, who 
has overcome the insufficient buoyancy 
of the air, the insufficient aeration of the 
sea, and the limitations of time and 
space, may look forw^ard to a truly glori- 
ous development as the safest as w^ell as 
the highest land animal. 
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‘ * Tho Imp roDicdy for diabetes is found not 
in the pliurmapy but in the kitchen.” — Cantam. 

Diet to-day is a matior over A\liieh a 
sHrpri.sinj^ly larjifi* frroup of pooplo ex- 
hibit serious eoiieern In some instances 
it is lanjjrhablo; in many traj^ic. In all 
it is a imisance to the central figure, tlie 
family and only too often the circle of 
friends. Commonly di(‘tinj? is conspicu- 
ous for its faddislincss and remissions 
as soon as a few iioiinds have been lost: 
misguided and wasted effort Mhich i)lac(» 
that diet in the eate<>:ory of patent in<‘di- 
eines. On the other hand, education in 
measured ditds has become the corner- 
stone in Ihe treatment of an increasing 
number of disorders of the chemistry of 
the body, such as obesity, diabetes, ne- 
phritis and epilejisy. This is due to the 
rapid expansion of knowledge about the 
basic values of the familiar at^tirles of 
food. In this teacliing and demonstra- 
tion of foods an ever-growing role is 
being played by the dietitian. 

Qualitative Diets 

By omitting certain articles of food, 
such as coffee when nervous, tobacco 
when short of breath, sugar and bread 
when diabetic, many patients obtain 
relief so substantial that further details 
are unnecessary ; they are fortunate. 
Yes, fortunate, for after all there are 
few of us who escape some restrictions 
on our liberties I 

Quantitative Estimated Diets 

The distinction between qualitative 
and quantitative diets has not been made 
at all clear to patients, and is of the first 
importance to all those who fail to im- 


prove on qualitative regimes within a 
reasonable length of time, say two to 
four weeks at the outside. The cause of 
failure as a rule is that while the patient 
is restricting certain articles of food she 
uiicousciously increases others. To over- 
come this tendency she must b(‘ tauglit 
the und(‘r]ying principles of the quanti- 
lative diet, namely, that any article of 
food may be eaten if in small enough 
amount, whereas no food should b(* eaten 
in unlimited quantities; that food must 
he thought of in terms of calories, carbo- 
hydrate, protein and fat, and that tlie 
<iuantitative estimation of these values 
is imperative. This quantitation may be 
Ix'giin in simple household terms of 
ounces and tablespooiifiils, one ounce 
being equal to one heaping or two level 
lablespoonfuls. 

The teaching of these principles is 
start(‘d in most good clinics by request- 
ing the i)atient to write down everything 
she eats for the next three meals, with a 
statement of the amounts as nearly as 
she can judge in tablespoonfuls or 
ounces, and to return with the list. 

This is the sort of list she is apt to 
bring in : 

Breakfast. 

I grapefruit, cereal 4 tablospooufuls, toast 2 
pieces, butter, coffee, cream. 

Jainch. 

1 chop, baked potato 3 heaping tablespoon- 
fuls, carrots 3 heaping tablespoonfuls, 
sliced peaches and cream, graham bread 
1 slice, butter, tea. 

Dinner. 

Slice roost beef medium sized, mashed potato 
3 heaping tableapoonfuls, vegetable salad 
small, apple pie, bread 1 slice, butter, tea. 

In any first lesson suggestions will be 
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necessary, and in the above case the 
patient’s attention is drawn to the state- 
ment about the meat, pointing out that 
“one chop” may have consisted of one, 
two, four or more ounces, and that with 
articles like this tlie patient who has seen 
the chop can make a better guess than 
we can, so what would she hazard? 
Then we write it in. Similarly with the 
roast beef, with tlie salad, the butter and 
especially the pie. We point out the 
difficulty for us to do the estimating of 
the actual amount. On reaching the 
foot of tlie list we return it as a model, 
and ask her to repeat the process for 
two days and to return. 

At this second visit slie brings the two 
days’ lists, and we calculate the food 
values rapidly for our own guidance. I f 
the totals differ too widely we surmise 
in spite of the labor that went into them 
(and it is considerable for the patient on 
these first attempts), that the lists do 
not tell the patient’s habits. More lists 
are asked for until a fair degree of uni- 
formity becomes apparent. 

A sample of a satisfactory calculation 
aft(‘r the third visit may now be shown 
in Table I, with the explanation that 
just as tablespoon fills were converted 


into ounces, so ounces are now converted 
into grams, because computations are 
easier in the metric system. Each ounce 
is considered equal to 30 grams, which 
is not exact but is near enough for the 
purpose of practice; thus three ounces 
of meat will be seen here as 90 grams, 
ten ounces of 5 per cent, vegetable as 
300 grams, and so on. To compute the 
diet it is lU'cessary to know the amount 
of the carbohydrate, protein and fat in 
each article of food; these values are to 
be found in the monograph by Atwater 
and Bryant, “The Chemical Composi- 
tion of American Food Materials,” Bul- 
letin 28, lievised Edition, which was first 
issued in 1906; it can bo purchased by 
sending ten cents in coin to the Superin- 
tendent of Documents, Washington, 
D. (y. We have here used the sim])lified 
values given by Joslin in his peerless 
“Diabetic Manual,” published by ijca 
and Febiger, Philadelphia, edition 4, 
1929. 

Now wo have a more definite basis to 
build on, both as regards the articles of 
food this patient likes and the amounts 
of them which she is accustomed to (‘at. 
llecommendations are made ai)pr()priate 
to lier condition, to increase such and 


TABLK 1 

Average Noraiad Diet for a Peusox Wfighing 61 Tvilograms (131 Pounds). The Kssen- 

TIAL.S ARE THE AMOUNTS OF CakBOHYDRATE, PrOTEIN, PaT AND CaLORIJ:s WHICH MAY 

BE Derived from an Dnddess Variety of AKTieLEs of Food 


Article of food 

Breakfast lamch 

Supper 

|| Total 

I for the 

II «i«y 

(\Mrbo- 

liydrato 

Proloili 

Fat 

Meat cooked 


DO 


' 90 


24 

15 

Egg 


1 




6 

6 

6 per cent, vegetables 


300 

300 

'I 600 

20 

10 


Oatmeal (dry weight) . 

30 



30 

20 

5 

2 

Bread 

30 

15 

30 

75 

45 

8 


Butter 

10 

10 

10 

30 



25 

Milk 

240 



' 240 

12 

8 

8 

Grapefruit 

100 



100 

5 



Orange 


150 

100 

I 250 

25 



Olivo oil 



20 

20 



20 



Total grams 


127 

61 

76 



• 



X 4 

4 

9 



Total calories 


508 

244 

684 = 1427 
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such, to docroase such and such, in about 
this and that quantities ; and after three 
days to bring her lists again. If this 
treatment shows results, again we call 
the patient lucky. If not, we must help 
her over the next necessary hurdle, 
namely, use of a food scales. 

Quantitative-weiohbd Diets 
At this fence many patients shy; they 
will try any odd diet they hear of, par- 
ticularly if it has a catchy or imposing 
name, or if it consists of only two articles 
or is otherwise so simple that it is easy 
to learn from, and to tell to, their 
friends. They do not realize or are 
reluctant to admit that such diets are 
one-sided and therefore can not be ex- 
pected to be adequate for the needs of 
the body for more than a very short 
period ; they resent being reminded that 
successful dietary treatment seldom can 
be achieved by a month \s enthusiasm fol- 
low'ed by a return to previous habits, but 
that success d(»pends on developing new' 
habits suitable to their personal needs. 

When, however, tliey are persuaded to 
give a fair trial to weighing what they 
eat on a (Hiatillon or Hanson movable 
dial food-scales, or even a postal scales, 
and calculating the values until they 
have h'ariied the real instead of the 
apparent w'eights of the various articles, 
they will as a rule be astounded to learn 
these straightforward facts: 

1. That w'eighing is not so much work 
as tliey anticipate. 

2. That after a week or two of such 
weighing, supplemented occasionally 
later by a day or two of repetition, they 
generally will be able to return to esti- 
mation by the eye. 

3. That the same volumes of various 
articles of food differ greatly in weight. 

4. That the same weights of various 
articles differ even more surprisingly in 
values of C, P, P. 

5. That after the practice with figures 
in weighing, calculation of the values 
becomes easier. 


6. That after having learned some cal- 
culations, they will be able to make sub- 
stitutions in the diet ordered in such a 
way as to keep the values satisfactory 
to the physician and at the same time to 
keep the menu palatable to themselves. 

The requirements of all diets have 
certain points in common: (1) Sufficient 
calories, (2) adequate protein, (3) car- 
boliydrate and (4) fat in reasonable pro- 
portions, (5) vitamins A, B, C, D, E 
and G, (6) minerals and (7) bulk. 

Obesity 

Excess fat is not only closely asso- 
ciated with the onset of diabetes in at 
least three quarters of the cases, but in 
other respects is a menace to long life. 
Ovorw'eights in general have a mortality 
more than twice the normal, but extreme 
overweights have a mortality about thir- 
teen times the rate for underweights, as 
recently demonstrated by Dublin. The 
most favorable W’cight is that for one’s 
height at th(» age of thirty years, as 
shown by the Association of Life Insur- 
ance Directors and Actuarial Society in 
1912, from wliosc table is drawn the 
abridged form showm in Table II. 

In order to reduce weight the prin- 
ciple concerned is the reduction of the 
total number of calories. The bulk of 
the articles of food, it must be remem- 
bered, does not tell the fuel value; to 
know this we must figure out the calo- 
ries. At the outset, therefore, w'e list the 
articles eaten and make the computations 
described above under normal diets. 
When we have ascertained the patient ^s 
dietary habits, we then: (1) reduce the 
number of calories, and (2) plan that 
the patient shall take the amount of pro- 
tein necessary for health. As to the car- 
bohydrate and fat distribution there are 
many theories. These can not be de- 
tailed here; it is enough to state that 
they are quite secondary. For individ- 
ual patients various distributions may be 
suitable because of special circumstances 
in the judgment of the physician or 
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TABLE n 

Atxbaox WmRT IN Founds with Odothzs 
Men 

Feet and inches with shoes 


Age 

5-0 

5-1 

5-2 

5-3 

5-4 

5-5 

5-6 

6-7 

5-8 

5-9 

5-10 

5-11 

6-0 

6-1 

6-2 

6—8 

6-4 

6-5 

16 

109 

111 

114 

117 

120 

124 

128 

132 

186 

140 

144 

149 

154 

159 

164 

169 

174 

179 

18 .... 

113 

115 

118 

121 

124 

128 

132 

136 

140 

144 

148 

153 

158 

163 

168 

178 

178 

183 

20 ..... 

117 

119 

122 

125 

128 

182 

136 

140 

144 

148 

152 

156 

161 

166 

171 

176 

181 

186 

22 

119 

121 

124 

127 

181 

185 

139 

142 

146 

150 

154 

158 

168 

168 

173 

178 

183 

188 

24 

121 

123 

126 

129 

133 

137 

141 

144 

148 

152 

156 

160 

165 

171 

177 

182 

187 

192 

26 .... 

128 

125 

127 

130 

134 

138 

142 

146 

1.50 

154 

158 

163 

168 

174 

180 

186 

191 

196 

28 

125 

127 

129 

132 

135 

139 

143 

147 

151 

155 

159 

164 

170 

176 

182 

188 

193 

198 

80 .... 

126 

128 

130 

133 

136 

140 

144 

148 

152 

156 

161 

166 

172 

178 

184 

190 

196 

201 

82 

127 

129 

131 

134 

137 

141 

145 

149 

154 

158 

163 

168 

174 

180 

186 

192 

198 

203 

84 ... 

128 

130 

132 

185 

138 

142 

146 

150 

155 

160 

165 

170 

176 

182 

188 

194 

200 

206 

36 ... 

129 

131 

183 

186 

139 

143 

147 

151 

156 

161 

166 

171 

177 

183 

190 

196 

202 

208 

38 . .. 

180 

132 

134 

137 

140 

144 

148 

152 

157 

162 

167 

173 

179 

185 

192 

198 

204 

210 

40 ... 

131 

133 

135 

138 

141 

145 

149 

153 

158 

163 

168 

174 

180 

186 

193 

200 

206 

212 

42 .... 

182 

134 

136 

139 

142 

146 

150 

154 

159 

164 

169 

175 

181 

187 

194 

201 

208 

214 

44 

133 

135 

137 

140 

143 

147 

151 

155 

160 

165 

170 

176 

182 

188 

195 

202 

209 

215 

46 .... 

134 

136 

138 

141 

144 

148 

152 

156 

161 

166 

171 

177 

183 

189 

196 

203 

210 

216 

48 .... 

134 

136 

138 

141 

144 

148 

152 

156 

161 

166 

171 

177 

183 

190 

197 

204 

211 

217 

60 ..... 

134 

136 

138 

141 

144 

148 

152 

156 

161 

166 

171 

177 

183 

190 

197 

204 

211 

217 

52 . 

135 

137 

189 

142 

145 

149 

163 

157 

162 

167 

172 

178 

184 

191 

198 

205 

212 

218 

54 

135 

137 

139 

142 

145 

149 

153 

158 

163 

168 

173 

178 

184 

191 

198 

205 

212 

219 


Women 


Age 

4—8 

4-9 

4-10 

4-11 

5-0 

5-1 

5-2 

5-3 

5-4 

5-5 

5-6 

5-7 

5-8 

5-9 1 

5-10 

5-11 

6-0 

16 

. 102 

104 

106 

108 

109 

111 

114 

117 

120 

124 

128 

132 

136 

139 

143 

148 

158 

18 

... 104 

106 

108 

no 

112 

114 

117 

120 

123 

126 

130 

134 

138 

141 

145 

150 

155 

20 

106 

108 

no 

112 

114 

116 

119 

122 

125 

128 

132 

136 

140 

143 

147 

151 

156 

22 

.. .. 107 

109 

111 

113 

115 

117 

120 

123 

126 

129 

133 

137 

141 

145 

149 

153 

157 

24 

109 

111 

113 

115 

117 

119 

121 

124 

127 

130 

134 

138 

142 

146 

150 

154 

158 

26 

..... no 

112 

114 

116 

118 

120 

122 

125 

128 

131 

135 

139 

143 

147 

151 

155 

159 

28 

.... .. Ill 

113 

115 

117 

119 

121 

123 

126 

130 

133 

137 

141 

145 

149 

153 

156 

160 

30 

112 

114 

116 

118 

120 

122 

124 

127 

131 

134 

138 

142 

146 

150 

154 

157 

161 

32 

113 

115 

117 

119 

121 

123 

125 

128 

132 

136 

140 

144 

148 

152 

155 

158 

162 

34 

115 

117 

119 

121 

128 

125 

127 

130 

134 

138 

142 

146 

150 

154 

157 

160 

163 

86 

116 

118 

120 

122 

124 

126 

128 

131 

135 

139 

143 

147 

151 

155 

158 

161 

164 

38 

nr 

119 

121 

123 

125 

127 

180 

133 

137 

141 

145 

149 

153 

157 

160 

163 

166 

40 

. 119 

121 

123 

125 

127 

129 

132 

135 

138 

142 

146 

150 

154 

1.58 

161 

164 

167 

42 

..... . 120 

122 

124 

126 

128 

130 

133 

136 

139 

143 

147 

151 

155 

159 

162 

166 

169 

44 

....... .. 122 

124 

126 

128 

130 

132 

135 

138 

141 

146 

149 

153 

157 

161 

164 

168 

171 

46 

123 

125 

127 

129 

131 

133 

136 

139 

142 

146 

150 

154 

158 

162 

165 

169 

172 

48 

124 

126 

128 

130 

132 

134 

137 

140 

143 

147 

152 

156 

160 

164 

167 

171 

174 

50 

125 

127 

129 

131 

133 

135 

138 

141 

144 

148 

152 

156 

161 

165 

169 

173 

176 

52 

..... 125 

127 

129 

131 

133 

135 

138 

141 

144 

148 

152 

157 

162 

166 

170 

174 

177 

54 

... 125 

127 

129 

131 

133 

135 

138 

141 

144 

148 

153 

158 

163 

167 

171 

174 

177 


because of special tastes on the part of 
the patient. No amount of palaver can 
evade the fundamental fact that the 
calories, not necessarily the bulk, must 
be cut dotm below existing habits, and 
that new habits must be formed. 


Diabetbs 

Diabetic diets . — In 1928 Joslin, the 
leading exponent of diabetes in this 
country wrote; 

It is only within half a generation that diets 
have been accurately controlled for months and 
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years and the quantities of carbohydrate, pro- 
tein and fat recorded, and only within the last 
twelve years that the total quantity of food has 
been at all closoly limited. In consequence it 
is only to-day that we are in a position to com- 
pare the effects of various diets, only to-day 
that we can begin to discuss how, for instance, 
it is best to distribute a given intake between 
the three foodstuffs. 

Almost every physician treating dia- 
betes more carefully than by simple 
omission of broad has used a different 
method. Some of those exhibit material 
differences ; most are variations of exist- 
ing plans of greater or less antiquity. 
All are fairly complex, with the result 
that patients, and even their medical 
advisers who see only occasional diabetic 
patients, are needlessly confused. Fur- 
thermore, the vast number of variations 
render comparisons of the results ex- 
tremely uncertain. An immediate need 
would therefore seem to be the definition 
of a few types of diet, into which current 
methods may be grouped somewhat cate- 
gorically. This grouping would simplify 
understanding of the principles in- 
volved, and make possible analysis of tlie 
consequences of emphasis on one or other 
of these principles. Such an attempt 
at definition will accordingly bo pre- 
sented, but first we must explain a few 
of the principal peculiarities of the 
chemical metabolism in diabetes. 

When carbohydrate has been digested 
in the intestine and absorbed through 
the intestinal wall and into the blood 
stream it is in the simplest form of 
sugar, called glucose, grape sugar or 
dextrose. To start this burning we must 
have a match. In the body this match 
is a secretion from certain cells in the 
pancreas which are called the islands of 
Langerhans because they were discov- 
ered by that investigator and, under the 
microscope, looked like distinct islands 
of one kind of cell in the midst of the 
already known cells which secrete the 
various other digestive juices ; this secre- 
tion is called insulin. If the pancreas is 
injured, by infection or other causes, 


enough to cause depletion of the insulin, 
the result is diabetes. It is estimated 
that one unit of insulin burns about two 
grams of glucose. If reduction of the 
carbohydrate in the diet does not make 
the urine sugar-free, then insulin made 
from animals must be taken by injection. 
This is much less trouble and annoyance 
than would be expected. 

Just as a certain amount of insulin is 
necessary to burn a certain amount of 
glucose, so a certain amount of glucose 
is necessary to burn the fat completely, 
so that no waste fat will be left over to 
form poisonous fatty acids in the blood 
and cause coma. It is estimated that one 
gram of glucose burns about 1.5 grams 
of fatty acid. 

In diabetes it is generally necessary 
to reduce the total calories just as in 
obesity, but it is also important to rear- 
range the distribution of carbohydrate 
and fat. When the carbohydrate in the 
diet is cut down, the shortage may be 
made up by the body changing into car- 
bohydrate 58 per cent, of the protein and 
10 per cent, of the fat digested. Thus 
in calculating the total glucose of the 
diet which must be balanced by insulin, 
either that made by the patient in his 
own body or taken by injection, we must 
include these available supplies, suppos- 
ing the diet consists of carbohydrate 84 
grams, protein 61 grams, fat 94 grams : 

Carbohydrate 84 grams 

68 per cent, of protein, i.c., 

58 per cent, of 61 =: 35.4 grams 
10 per cent, of fat, i.c., 

10 per cent, of 94 = 9.4 grams 

Total available glucose 128.8 grams 

The energy requirements of the body 
are supplied entirely by the burning of 
the food we eat. This food is divided 
chiefly into three kinds: (1) Carbohy- 
drate, which is mostly of vegetable 
origin; sugars, starches, grains, cereals, 
fruits; (2) protein, which is mostly of 
animal origin: meat, fish, eggs, milk, 
cheese; (3) fat, which comes partly 
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from vegetable sources: olive oil and 
cottonseed oil, and partly from animal 
sources : butter and lard. 

The amount of this energy is measured 
in calories, just as butter is measured in 
pounds. A calory is the quantity of 
heat necessary to increase the tempera- 
ture of 1 liter (1.06 quarts) of water 1 
degree Centigrade. Pood when burned 
in the body gives off heat in the follow- 
ing amounts : 

1 gram of carbohydrate yields 4 calorics 

1 gram of protein yields 4 calories 

1 gram of fat yields 9 calorics 

1 gram of alcohol yields 7 calories 

Definitions of type diets in health and 
diabetes, — Suppose we have in bed be- 
fore us a patient weighing, after sub- 
tracting for clothing, 61 kilograms (134 
pounds). Her protein should be about 
1 gram per kilo, i,e,, 61 grams. Her 
calory need, since she is at rest, will be 
satisfied by about 23 calories per kilo 
body weight, i.e,, 23 x 61 or about 1,400 
calories. Diets which are alike in these 
two respects may be called iso-caloric 
(equal calory) and iso-protein. Of such 
diets we now present four types which 
seem to us of distinct interest as illus- 
trating the seesaw or inverse relation- 
ship between the distribution of carbo- 
hydrate and fat; when one goes down, 
the other goes up; when the carbohy- 
drate is lowest the fat is highest, and 
vice versa. The figures are briefly shown 
in Table III and Fig. 1. 

Some Other Medical Aspects op Dia- 
betes Mellitus 

Definition, — Diabetes is a disease in 
which part of the food is not utilized and 
appears as sugar in the urine. 

Frequency of the disease, — Among 
the hundred million inhabitants of the 
United States there are supposed to be 
about one million diabetics. Also among 
the annual number of deaths in this 
country those from diabetes make up 
about 1 per cent. Diabetes ranks about 
tenth among causes of death ; among the 


TABLE III 

Diets in Health and Diabetes 


Typo of diet 

C 

P 

F 

Cal. 

Ratio 

FA;G 

Low carbohydrate 

diabetic 

41 

01 

112 

1416 

1.5 

Average diabetic 

84 

61 

94 

1426 

0.9 

Normal 

128 

61 

75 

1423 

0.5 

High carbohydrate 

diabetic 

139 

61 

70 

1424 

0.3 


commoner causes the best known are 
cancer, heart disease, kidney disease, 
pneumonia, tuberculosis and violence. 
In other countries the frequency of death 
as reported varies considerably, ranging 
from 0.1 per cent, in Japan to 3.6 per 
cent, in the Netherlands. How far these 
differences are due to racial characteris- 
tics and how far to accuracy of statistics 
is unknown. 

Age at onset, — Half of all diabetics 
show onset of the disease between 40 and 
60 years of age. The youngest patient 
reported was. 2^ months old at onset. 
The relative frequency of onset in the 
successive decades of life is shown by 
Joslin’s tabulation based on 5,086 pa- 
tients seen by him. 
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In the first ten years of life the afflic- 
tion is seen to be relatively rare, being 
about 5 per cent, of the total. This is 
fortunate because the disease is more 
severe in children than in adults. How- 
ever, we no longer feel alarmed at the 
diagnosis in a child, because: (1) In- 
sulin has made possible adequate food 
for growth and activity. (2) The child’s 
preference for plain foods and the foods 
he knows makes good dietary habits and 
diet measurement easier than for the 
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adult who so often expects great variety. 
(3) Children are so much more adaptable 
than adults. 

A diabetic child usually looks as if in 
perfect health. It is a remarkable fact 
that diabetic children are often unusu- 
ally intelligent, standing high in their 
classes. 

Diagnosis , — Early recognition is ten 
times as common to-day as it was 50 years 
ago. This is due to routine urinary 
testing, wliether as part of examination 
for life insurance or health supervision. 
Such routine tests can reveal the disease 
months before the advent of symidoms 
such as tliirst, getting up at night, loss 
of weight, dry skin or itching. Early 
diagnosis is unquestionably the best hope 
of recovery in this as in other diseases. 

Treatment . — The determination of the 
sugar in the blood is useful, but the main 
gauge of successful treatment in ordi- 
nary practice is the freedom of the urine 
from sugar. This fact must be insisted 
upon, over and over again. As long as 
the urine is not sugar-free the patient is 
liable to complications varying from 
pimples, boils, itching, muscle aches, 
arteriosclerosis ; to Tilccrs, gangrene, 
cataract, coma and even death. Small 
amounts of sugar are far too often neg- 
lected because tlie patient feels well. 

The patient’s help is indispensable for 
successful treatment, and this means: 
(1) Regular visits to the physician, at 
least once in 6 months; special visits at 
any time that sugar appears in tlic urine 
and can not be eliminated by the pa- 
tient within three days, and immediate 
notification of the doctor in ca.se of fever, 
acute digestive or other up.sets. (2) 
Bringing on each visit to the physician 
a list of the articles of food eaten during 
the preceding 24 hours, not forgetting to 
write down the approximate amounts. 


(3) Regular tests for sugar with Bene- 
dict’s solution, often enough to keep 
sugar-free; this varies according to the 
severity of the disease from twice a day 
to twice a month. (4) Getting weighed 
regularly, generally once a week. (5) 
Weighing articles of food whenever 
guessing proves insufficient to produce 
sugar freedom. (6) Taking insulin if 
this weighing also proves insufficient, and 
also in case of certain complications. 

Insulin , — At this point it is well to 
remark that insulin offers no sudden 
cure like a surgical operation, as some 
fancy and as we all wish were the case ; 
hence when insulin treatment is discon- 
tinued the diet must often be decreased 
somewhat, and on this the physician 
should be consulted. Furthermore, 
there is doubtful benefit and often real 
danger in talcing insulin unle.ss the pa- 
tient is both willing and able to e.stimate 
the food accurately, otherwise wastage 
is sure and shock-reactions to be feared. 
Four fifths of diabetics need no insulin 
except temporarily in acute infections 
and in surgical emergencies, while the 
remaining one fifth should not expect 
to receive much benefit from insulin un- 
less they measure their food intake. Ac- 
tual calculation of the C-P-F values 
can be escaped by some patients, but all 
are better off when they have learned 
how, even though they may calculate only 
occasionally, for thus they can make sub- 
stitutions in diet while traveling or eat- 
ing elsewhere away from home. 

Summary , — Obesity and diabetes alike 
offer the optimistic aspect that improve- 
ment can be promised with a noteworthy 
degree of confidence to the patient who 
cares enough about health to ‘ ‘ play 
ball.” 

There is no drug as powerful as hope.** — 
Axel Muniho, 



THE DECLINE IN BIRTH-RATE OF THE 
FOREIGN BORN 

By Dr. JOSEPH J. SPENGLKR 

UNIVEESITY or AEI20NA 


Just eighty years ago Dr. Jesse Chick- 
ering observed that the foreign-born 
women of Boston were bearing far more 
children than the native women. “The 
whole increase from the excess of births 
over deaths for these two years [1849- 
1850]** he observed, “has been among 
the foreign population.** Not many 
years later it became generally feared 
that immigrant women, through their 
greater fecundity, would inundate New 
England with foreign stock. The na- 
tives who, according to John Adams, 
were “purer English blood — ^than any 
other** seemed threatened with displace- 
ment at the hands of the Irish, the Ger- 
mans and others. 

In the present paper I shall sketch 
briefly the growth of this fear of the 
effects of a relatively greater foreign 
fecundity. I shall then present the 
available data and show whether or 
not the native American will eventu- 
ally succumb to the foreign stock as a 
result of the reproduction struggle still 
going on. 

I 

The first data we have concerning the 
comparative birth-rates of native and 
foreign-born women were obtained in the 
census of Boston in 1845. Prior to the 
forties there was little immigration into 
the United States. Most of those who 
came were English and hence hardly 
distinguishable from the natives. In the 
forties, however, many Irish fled from 
famine-stricken Erin and many Germans 
hurried from revolution-tom Germany. 
The immigrant population, therefore, be- 
came distinguishable from the native 


population and was so registered in the 
records of the day, such as the census, 
the birth registration reports, etc. One 
notes accordingly that in Boston in the 
year 1845 there were 80 births to each 
1,000 foreigners aged more than twenty 
years. The corresponding native rate 
was 41, or but half the foreign rate. In 
the Broad Street section of Boston 212 
children were born in 1845 to 2,131 in- 
habitants, mostly foreign born. That is, 
one child was born for each five women. 
Needless to say the burial records testify 
to an exceptionally high infant mortality 
rate among the foreign born. 

Fear of superior foreign fecundity 
was not expressed, however, until the 
births to foreign parents began generally 
to be distinguished from births to native 
parents. This distinction was made in 
Massachusetts in 1848, and somewhat 
later in the other New England states, 
in Michigan and in Indiana. Dr. Chick- 
ering’s expression of fear was repeated 
in the late eighteen sixties by Dr. Nathan 
Allen, of Lowell, Massachusetts, a pro- 
lific writer on the alleged decline of the 
native stock. Allen charged that the 
native stock was dying out through 
failure of native women to bear children 
while at the same time the newly arrived 
foreigners were multiplying rapidly. 
New England, therefore, seemed doomed 
soon to be overrun by immigrant stock. 

In 1869 the compiler of the Massa- 
chusetts registration report sanctioned 
Allen’s statement by remarking that the 
English stock, meaning primarily the 
natives, is “likely to be at no very dis- 
tant day outnumbered by the Irish, the 
Germans and the French Canadians.’* 
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Because of the increasing interest in 
the problem the census enumerators in 
the state censuses of New York, Massa- 
chusetts, Rhode Island and Michigan, 
and in the federal censuses of 1890, 
1900 and 1910, were instructed to in- 
quire of women the number of children 
they had borne. The material obtained 
in Massachusetts, Rhode Island and 
Michigan showed conclusively that for- 
eign-born women bore more children 
than did the native women. The Rhode 
Island data indicated further that while 
Jewish women were more fecund than 
Catholic women, and Catholic women 
more fecund than Protestant women, 
the foreign-born women of each creed 
averaged more children than did the 
natives. As is sometimes characteristic 
of the federal census, only a small por- 
tion of the material secured was pub- 
lished. It was made evident, however, 
that foreign-born married women in 
Rliode Island and parts of Ohio and 
Minnesota bore more children than did 
the native women, and that native-born 
women of foreign parentage bore fewer 
children than foreign-born women but 
more children than natives of native 
grandparentage. That is, the birth-rate 
of the foreign stock gradually becomes 
Americanized in the course of a gen- 
eration. 

Careful studies by Dr. R. R. Kuezyn- 
ski and Allyn Young confirmed some of 
the conclusions stated above and indi- 
cated also that foreign-born women bore 
more children at all ages than did na- 
tive women of corresponding ages. 

It was but a step from noting that 
foreign-born women bore more children 
than natives to arguing that the influx 
of the foreign-born immigrants was the 
cause of the decline in the American 
birth-rate. General Francis Walker, a 
prominent economist and a superinten- 
dent of the federal census, developed 
this argument in an article in Forum, 
1891, entitled ‘‘Immigration and Degra- 


dation."' Walker contended that the 
coming of the immigrants shocked Amer- 
ican sentimentalities and initiated an 
“industrial competition" from which 
“the American shrank. If the foreign- 
ers had not come the native element 
would long have filled the places the 
foreigners usurped," In other words. 
Walker was contending that, had there 
been no immigration, the American 
population would have been just as 
numerous as it is to-day. In place of 
the 53 millions alleged to be of immi- 
grant stock there would have been 53 
more millions descended from native 
American stock. That is, had there 
been no immigration into the United 
States the three million whites of 1790 
w^ould have increased to 95 millions by 
1920, a geometrical rate of increase such 
as Malthus alleged was true of eight- 
eenth century America. 

Although such leading authorities as 
Commons, Bushee and Fairchild support 
Walker's theory in large part, E. A. 
Goldenweiser has refuted it by showing 
that the real causes of the decline in 
the American birth-rate are but remotely 
related to immigration. 

Thus far I have shown that it has long 
been contended and frequently substan- 
tiated that foreign-born women were 
bearing more children than native w^o- 
men. I shall now examine briefly the 
causes of this difference and then dem- 
onstrate that the foreign-born women 
will soon be bearing no more children 
than the natives. 

II 

In the accompanying chart are traced 
the trends in the average number of 
children born to each 1,000 native and 
to each 1,000 foreign-born women of 
child-bearing age in the New England 
states. The rates delineated in this 
chart are taken from a monograph by 
the writer entitled “The Comparative 
Fecundity of the Native and of the 
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Poreigii’Born Women of New En- 
gland/' published this year as one of 
the Brookings Institution Population 
Studies under the supervision of Dr. 
Bobert R. Kuczyriski. 

The solid lines depict the fertility of 
the native women ; the broken lines de- 
pict the fertility of the foreign-born wo- 
men. If we examine the lines depict- 
ing the trend in native fertility 'we find 
that in the two states for which we have 
evidence, Massachusetts and Rhode Is- 
land, the Civil War occasions a sharp 
decline in fertility. Thereafter in each 
of these states native fertility remained 
practically unchanged. In the other 
four New England states and in the 
entire New England area native fertility 
has increased in the present century. 
This conclusion is contrary to the cus- 


tomary assertion that the native birth- 
rate is declining in New England. 

The broken lines representing foreign 
fertility depict a remarkable decline in 
the fertility of foreign-born women. 
The most striking decline has taken 
place in Massachusetts. There we find 
foreign fertility only five eighths as 
great since 1920 as during the five years 
preceding the Civil War. In other 
states the decline, while not so great 
as in Massachusetts, has been striking. 
The foreign-born women living in New 
England during the five years after 1920 
averaged only three fourths as many 
children as did the foreign-born women 
during the last decade of the nineteenth 
century. In short, foreign fertility has 
decreased 26 per cent, in 30 years. 

The sharp decline in foreign fertility 
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coupled with the failure of native fer- 
tility to continue to decline means, as 
examination of the chart makes plain, 
that in the near future the native rates 
will be no lower than the foreign rates. 
In the chart this is indicated by the 
fact that the broken lines and solid lines 
are converging toward each other. 

This convergence within the last few 
decades may be illustrated in another 
fashion. At one time foreign fertility 
was more than twice as high as native 
fertility in every state but Vermont. 
Yet, since 1920, for New England as a 
whole, foreign-born women have been 
averaging only three sevenths more chil- 
dren than native women. The data for 
New York, Indiana and Michigan indi- 
cate a similar convergence. We may 
conclude, therefore, that in nine states 
the differences between native and for- 
eign fertility are rapidly disappearing. 

ITT 

Thus far we have demonstrated that, 
contrary to general opinion, native fer- 
tility has not only not decreased in New 
England but has actually increased. We 
have shown further that foreign fertility 
has steadily d(?clined and will soon be as 
low as that of the natives. In the pres- 
ent section it will be indicated that birth 
control is the sole explanation of the de- 
cline in foreign fertility. 

The main reason that the fertility of 
the foreign-born exceeds that of native- 
born women is the fact that a much 
larger percentage of the foreign-born 
women of child-bearing age are living 
in the married state. More than 99 per 
cent, of children are born to women aged 
from 15 to 49. The number of children 
a population can bear, therefore, de- 
pends upon the proportion in that popu- 
lation of women aged 15 to 49, and in 
turn upon the proportion of women aged 
15 to 49 who are married. During the 
last half century 47 of every 100 native 
women, aged 15 to 49, have been mar- 


ried. In 1890 of every 100 foreign wo- 
men of this age 54 were married. By 
1920 the proportion had increased to 72. 

On the grounds of marriage alone, in 
1890 foreign fertility should have been 
15 per cent, higher than native fertility ; 
by 1920 foreign fertility should have ex- 
ceeded native fertility by about 50 per 
cent. Yet whereas in 1890 foreign fer- 
tility was twice as great as native fer- 
tility, by 1921-1925 it was only 44 per 
cent, greater than native fertility. In 
short, whereas we should have expected 
foreign fertility in 1920 to be 33 per 
cent, higher than foreign fertility in 
1890, we find instead a sharp decrease 
of one fourth. 

The only explanation of this sharp de- 
cline in foreign fertility lies in an in- 
creased resort to birth control on the 
part of foreign-born women. Advocates 
of birth control can, as a reading of the 
Birth Control Review will indicate, offer 
many individual cases of foreign-born 
women who unfortunately know nothing 
of the practice of birth control. Never- 
theless the figures I present clearly prove 
that an increasingly larger proportion of 
foreign-born women are voluntarily re- 
stricting the number of children. Pos- 
sibly, too, a great many are resorting to 
abortion. It has, in fact, frequently 
been asserted that between one half 
million and two millions of abortions 
are performed annually in the United 
States. Proof of this alleged high fre- 
quency of abortion is, in the nature of 
the case, not possible. 

That foreign-born women living in 
New England, New York, Indiana and 
Michigan are practicing birth control or 
resorting to abortion in nearly the same 
degree as native women is readily de- 
monstrable. Since we know that Ameri- 
can married women are restricting the 
number of births it follows that foreign- 
born married women must be doing like- 
wise if it can be shown that foreign-bom 
married women are bearing, on the aver- 
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age, few more children than native 
married women. In the years 1919 and 
1920 foreign-born married women in 
New England bore on an average only 
26 per cent, more children than did 
native married women. By 1922 this 
margin had fallen to 18 per cent, in 
Connecticut and to still less in Vermont, 
New Hampshire and Rhode Island. In 
New York in 1922 foreign-born married 
women bore on an average only 14 per 
cent, more children than did native 
married women; in Indiana, 8 per cent, 
more; in Michigan the rates for native 
and foreign-born married women were 
nearly identical. In other states the 
same general trend is noted in 1922, the 
last year for which data are available. 
In that year in the United Statues Regis- 
tration Area (27 states and the District 
of Columbia) the number of births per 
1,000 native married women, aged 15 to 
44 years, was 155 ; per 1,000 foreign-born 
married women of corresponding age, 
159. 

IV 

Our argument as presented in the 
earlier parts of this article may be 
briefly summarized. Seventy-five years 
ago foreign-born women were bearing 
more than twice as many children per 
woman as were native women. How- 
ever, foreign-born women gradually be- 
gan to copy the practices used by their 
American sisters to restrict the number 
of children. Consequently foreign fer- 
tility steadily declined. Native fertility, 
on the contrary, has either remained con- 
stant or has actually increased in New 
England and possibly in certain other 
states. As a result of this decline in 
foreign fertility coupled with the cessa- 
tion of decline in native fertility to-day 
we find foreign fertility nearly as low 
as that of the natives. In fact, it proba- 
bly will soon be as low. At present 
foreign fertility exceeds native fertility 
chiefly because more foreign-born women 
marry. Since we know that American 


married women restrict the birth-rate 
and since we find that foreign-bom mar- 
ried women average few more children 
than do native married women it follows 
that in a number of states foreign-born 
women practice birth control and resort 
to abortion as frequently as do native 
women. 

From the data we have presented and 
analyzed we may draw several more 
philosophical conclusions. The situation 
we have traced in New England is 
analogous to the situation in Europe 
several decades ago and to the so-called 
eugenic situation to-day. For nearly 
three quarters of a century French na- 
tionalists, contrasting the low birth-rate 
in Prance with the high birth-rate in 
Germany, Italy and other parts of 
Europe, were aghast. Would Prance 
not be destroyed by the greater fecun- 
dity of foreign peoples? Levasseur in 
1890 suggested that all European birth- 
rates would tend to equilibrium, to 
equality, in the course of time. Dr. R. 
R. Kuezynski, in his ^‘The Balance of 
Births and Deaths, has proved that 
Levasseur was right. To-day European 
birth-rates are rapidly approaching 
equality. 

Eugenists have frequently argued that 
Western civilization would be destroyed 
through the multiplication of the unfit 
»^t the expense of the fit. Yet to-day 
statistics of such countries as Sweden 
reveal that in some instances the abler 
classes are actually bearing more chil- 
dren than the less able classes. 

Essentially, therefore, birth control is 
a great leveler. It has promoted equal- 
ity in the birth-rates of the native and 
the foreign-born stocks of America. It 
has equalized the birth-rates of various 
European peoples. It has been adopted 
by the allegedly less able classes and has 
thus partially solved the eugenic prob- 
lem on the negative side. 

Prom the fact of the general adoption 
of birth control in Europe and by the 
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foreign-born immigrants in the United 
States it is apparent that the desire to 
restrict births is an essential aspect of 
what is called Western civilization. 
Arsdne Dumont and Leroy- Beaulieu 
drew attention to this in the last decade 
of the nineteenth century. According to 
Leroy-Beaulieu, “Civilization, which is 
really the development of material ease, 
of education, of equality and of aspira- 
tions to rise and to succeed in life, has 
undoubtedly conduced to a diminution 
of the birth-rate. “ Civilization, as we 
understand it, means also that a child 
has become an economic and social lia- 
bility rather than an asset; that in the 
new material scale of values the child 
has been replaced by the Ford; that 
to-day the pecuniary value of the things 
desired exceeds the pay envelop more 
than ever before ; that the present view 
is not other-worldly, but this-worldly. 

Oswald Spengler, in his “Decline of 
Western Civilisation, “ asserts that 
“when the ordinary thought of a highly 
cultivated people begins to regard ^hav- 
ing children^ as a question of pro’s and 
con’s, the great turning point has come.’’ 
The beginning of the end is at hand. As 
evidence he points to Hellas, to Rome, 
to India, to China. It has been statisti- 
cally demonstrated that because of an 
insufficiency of births the populations of 


most of the European and English- 
speaking countries are dying out. May 
one therefore conclude that the Ameri- 
can population will ultimately die out? 

The data we have presented seem to 
yield a negative answer to the question 
raised in the preceding paragraph. For 
fifty years native fertility has been very 
low in New England, but for fifty years 
native fertility has not decreased. It 
would appear, therefore, that native fer- 
tility has reached as low a level in New 
England as will ever be experienced 
there. And from this one might gener- 
alize that when fertility in other parts 
of the United States has become as low 
as it has been in New England there will 
be no further decline. But as Corrado 
Gini and others have suggested, the 
American people may be experiencing a 
decline in their natural capacity to 
bear children, a decline that has merely 
been halted temporarily by the in- 
filtration of foreign blood. If Gini 
is right the American along with the 
Teuton may be doomed to disappear. 
On the contrary, if the limit of the 
decline in fertility has been reached 
then America will shortly have achieved 
a stationary population, possibly the 
only means of escape from the Mal- 
thusian devil of overpopulatioji and the 
Spenglerian specter of race suicide. 



CURANDEROS IN OAXACA, MEXICO 

By Dr. ELSIE CLEWS PARSONS 


Like so many early Spanish customs 
or institutions, the institution of curan- 
dero or village curor is wide-spread in 
Mexico. Recently in the state of Oaxaca, 
more particularly among the Zapoteca- 
speaking towns, I have been making a 
study of these Spanisli-Indian doctors 
and diviners who might be called sha- 
mans in an out-and-out Indian culture, 
or soothsayers and quacks in more so- 
phisticated circles. 

All curanderos arc good Catholics, like 
most of the townspeople, maintaining 
their house altar and in their profes- 
sional practice addressing the saints. 
There is no organization among the 
curanderos of a town — rather competi- 
tion and a tendency to professional 
jealousy. They are men or women, 
curanderos or curanderos, and in their 
methods, whether of curing or divining, 
there appears to be but one distinction 
as far as sex is concerned, the curandera 
commonly functions as midwife. Some 
curanderos do not, just as some parteras 
or mid wives are not considered cur an- 
deras. In other respects also the prac- 
tice of one curandero varies somewhat 
from that of another. Tsidora, of Mitla, 
is herb doctor and midwife as contrasted 
with Agustina Gonzalez who sucks for 
witchcraft and divines with corn. Ur- 
bano, of Mitla, is an herbalist, but he 
also “sucks.** Maria Garcia practices a 
method of divining with corn which she 
learned at Cuilapam, a Mixteca-speaking 
town. This is her single professional 
accomplishment. Margerita Hernandez, 
of San Baltazar in the mountains, di- 
vines not with corn but with cards, 
and she “sucks.** Josef a, of Zaachila, 
a midwife, also “sucks.** Jos6 Mar- 
tinez, of San Miguel, Alvarrados, an- 
other mountain town, divines with corn 
and cures with herbs, but does not 


“suck.** ^‘Chupando es mentira^^ (suck- 
ing is falsehood), opined the herbalist of 
Cuchitan, on the Isthmus. 

Sucking out the object the witch has 
sent into the body is a very wide-spread 
Indian practice, and I believe the con- 
temporary usage in Oaxaca is a survival 
from pre-Conquest times, even if the set- 
ting of the cure is Spanish. The witch- 
sent object, chizo (probably from hechi- 
zero, witchcraft) or chaneca, a term less 
commonly used, may be thorns, glass, 
stones, bones or anything noxious to the 
flesh. At Zaachila, cramps in my legs 
were diagnosed as caused by red ants in 
the abdomen. Among the Pueblo In- 
dians of New Mexico, by the way, ants 
within the body is a very common diag- 
nosis of skin eruptions. 

At Zaachila I was not treated, but 
at Mitla I was sucked — for headache, 
caused not by chizo, but by aire, that 
perplexing source of sickness which is 
sometimes referred to as if it were a 
spirit of the air^ and at other times as 
if nothing more than a draft. 

“Why do you think so much?** asked 
Agustina. “You think and then el aire 
se pega, the air catches you, you hear a 
drum in your head. Solaf^* 

“Ri.** 

maridof^^ 

*^Muerto,^^ 

razon por piensar/^ 

As for “the air,** she would suck to 
get it out. 

“But it hurts. You may not be able 
to stand the pain.** 

“Draw blood?** 

“No.** 

1 In Morelos and Puebla there is no mistak- 
ing the supernatural character of los aires. See 
Robert Beddold, * * Tepoztlan, ^ ’ Chicago, 1930; 
E. C. Parsons, “Folklore from Pueblo,” JoumaX 
American Folk Lore, in proof. 
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Reassured, for Agustina^s remaining 
teeth were black, I gave her the five 
centavos she requested in order to send 
the little girl for a half bottle of aguar^ 
dienie. 

We talk. Agustina was not born in 
Mitla, but in Copainala, Tabasco. Her 
father was ctirandero, her art was una 
herencia — the only instance I encoun- 
tered of coming to the profession 
through inheritance — and her father's 
brother was a priest. Prom this priestly 
uncle she learned the prayers she used 
professionally. San Antonio is her spe- 
cial charge, and his picture is, of course, 
on her altar, together with bits of candle, 
two vases of freshly cut stock and some 
egg-shells. Underneath is the copal cen- 
ser which in religious observance is used 
almost as much as candles by the Zapo- 
teca-speaking household. 

Now Agustina takes a drink, spitting 
after it, and she urges one on me, to 
fortify me against the pain. Over the 
back of my neck she passes her fingers, 
firmly, then she anoints with oil, and 
then sucks, in three places, right side, 
left side and middle. The suction is 
strong, at the sides of the neck produc- 
ing some pain. She spits each time into 
the inner leaves of a corn husk, which 
she finally burns, and each time before 
sucking she prays in a low voice, ‘‘Dios, 
Espiritu Santo, San Antonio, make the 
sickness come out!" 

Agustina, of Mitla, and Josefa, of 
Zaachila, used almost the same method 
of diagnosis. You held out your two 
arms, bared ; over them from her mouth 
Josefa spurted some aguardiente, a pre- 
liminary omitted by Agustina. Yoxir 
pulse was tested by a thumb on each 
wrist, then on the arm below the elbow. 
Agustina vibrated her thumbs as she 
tested. Again the same form of diag- 
nosis by Jos6 Hernfindez, of Matatlan, 
when I opined that Eligio, my com- 
panion from Mitla, was bewitched, hav- 
ing cramps in his arms. Jos6 was not 
to be fooled by that pair of strong, sup- 


ple arms. “You only think you have 
chizo/* said the shrewd old man. 

Treatment by sucking is generally re- 
peated several times before the chizo is 
extracted and spat into the corn husk. 
I was present when patients undergoing 
the treatment called upon Urbano, of 
Mitla, and upon Margerita, of San Bal- 
tazar; but the treatment I was not al- 
lowed to see, for reasons obvious enough. 
Why give an opportunity to a disinter- 
ested outsider to observe your chicanery ? 

Urbano 's patient was a young man 
whose right arm and hand had become 
so stiff he could not close his fingers, a 
surprising condition explicable only as 
due to chizo. The witch would be a 
fellow townsperson, but no effort to 
identify him or her would be taken. 
As far as I could learn no witch bait- 
ing ever occurs. Not even at San Bias, 
Tehuantepec, where the curandero him- 
self is described as a witch — he sends 
the maldad into you to have you go to 
him to suck it out. In other cases, on 
the Isthmus, doctor and witch were 
identified. 

Margerita 's patient was also a young 
man, suffering from some form of hys- 
teria — ^he lay for a long time on his 
petate moaning and jerking his legs. 
His wife held his head, stroking his 
neck and shoulders. They came from 
Matatlan, twelve miles or so across the 
mountain, for the treatments, and later 
when I rode through Matatlan 1 heard 
the story as told by the town gossips. 
After the young man had left his first 
wife for a younger woman, he was 
walking along one night when he was 
beckoned to by somebody he took to 
be his former wife. He followed the 
woman, who led him off to a barranca 
and left him. Ever since he has been 
stricken. 

This hysteric was frightened by a 
matlansiwa, according to Eligio, a being 
who takes the shape of a man or woman 
to lead you astray, particularly the shape 
of some one you have been attached to. 
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There are other forms of fright, natural- 
istic forms, generally through animals, a 
bull, a mad dog, a snake, which also re- 
quire special treatment. The symptoms 
are always much the same — sleeplessness, 
dreams, heaviness on awakening, apathy 
or listlessness, no ambition, loss of appe- 
tite. The symptoms rarely develop at 
once, but in a month or two, or even in 
a year or two. To diagnose the cause of 
fright, copal is burned in water. On the 
under side of the copal will be found a 
picture of the cause of fright — a snake, 
a dog, a drunken man, etc. That the 
spirit may return, 'para que regresa el 
espiritu, if the place of the occurrence is 
not too remote, the curandera goes there 
with the patient, burying an egg, pump- 
kin seeds and fourteen little tortillas — at 
least this is one form of the offering. In 
some places a chicken is offered. On the 
return home the curandera beats on the 
ground with a stick, calling out, ^^Venl 
Llevantate!** Now in the house of the 
patient the two flower vases are removed 
from the house altar to the ground, and 
filled with green reeds. Near them is 
placed some copal in a small bowl of 
water. The copal is set afire and on it 
is sprinkled little bits of shki^bal, which 
is the nest of a bee made of grains of 
sand gummed together with resin. Now 
the curandera takes a mouthful of water 
from a gourd and spurts the water onto 
the ground. On the moistened place she 
makes a cross with her finger-nail. 
Again she spurts water from her mouth. 
She slaps her right hand on the cross 
and then on the chest of the patient, 
**VenI Llevantate!** Thrice she does 
this. Then the patient drinks the water 
from the bowl containing the copal to- 
gether with an infusion of the herb 
called verha de espanto which has been 
well ground up and strained. 

The curandera proceeds to llamar las 
cuatro esquinas. Into each of the four 
corners of the patient’s house she carries 
a small jar, clapping its mouth with her 
hand, and calling into it in a low voice. 


^^Venl Llevantal Yo te vengo a tra- 
erte. Correl Venl^^ Thrice she makes 
the circuit of the corners. 

I have been describing Isidora's treat- 
ment for fright, espanto. In Urbano’s 
treatment there are some other details. 
The cross traced on the ground is filled 
with the blooms of hollyhock. With 
aguardiente in his mouth Urbano sucks 
the patient’s arms, passing his lips 
lightly along the flesh, and he massages 
the body with aguardiente. Into the 
copal water for the patient to drink, 
after calling the corners, go a plant 
which is stronger” than verba de 
espanto, also, besides the shki^bal, a ”red 
bee,” probably the bee that makes the 
nest.* 

The use of copal and bee nest and 
possibly the offering at the place of the 
fright seem to be Indian features, and 
the notion of sickness from fright, 
whether or not it is originally Indian, 
is readily adopted by Indians, witness 
its prevalence among our Pueblos; but 
whether the calling in the four corners 
and the general ideology of the spirit 
being temporarily lost are Indian or 
Spanish, I am in doubt. I would like 
to hear of European parallels, if there 
are any. 

That curing with egg is European 
there is no uncertainty, particularly in 
the case of mal ojo or ojo, the usual 
reference to the evil eye. I had com- 
plained of indigestion to Agustina, so 
she gave me a raw egg to carry all 
day next my stomach, as exacting an in- 
struction as ever I had from a doctor. 
On my return to the house at the foot 
of the pyramid-perched calvario — Agus- 
tina ’s neighborhood together with her 
house, built with stones from the ruins, 
are, like her practices, a compound of 
old and new — Agustina bids me pass my 
egg over my entire person. Then, hold- 
ing the egg over a small bowl of water, 

sJt belongs to some genera of the solitary 
bees. The nest specimen I obtained for identi- 
fication contained brood cells stored with pollen. 
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she touches the brim in four places, in 
sign of the cross, and breaks the egg into 
the bowl. She exclaims and points to a 
reddish spot on the egg and to a bubble 
in the water. The bubble indicates ojo, 
the red spot, stomach trouble affecting 
the heart. I must return to-morrow for 
her to rub my stomach with egg and 
aguardiente. The egg she has divined 
with she is going to bury. 

Does Agustina believe in her cures? 
Probably, at least in part. She is 
a forceful, self-confident personality, 
rather kindly, with an eye, however, to 
her main interest which is her income. 
But she does not overcharge, according 
to the townspeople, whereas Urbano, 
her chief rival, is considered both ava- 
ricious and unscrupulous. He believes 
less in himself. Given his somewhat 
sardonic humor, I shouldn’t wonder if 
he did not believe in himself at all — 
except in his ability as charlatan. He 
looked at me very quizzically indeed 
when first I asked him if he could suck. 
“Do you believe in that?” asked his 
eyes, if not his mouth. His wife, Petro- 
nilla, who acts as his assistant, is the 
avaricious one, and is much the greedier 
of the two. As for son and daughter, 
their attitude towards the professional 
activities of their parents is suspiciously 
frivolous. 

I took Urbano rather lightly myself 
until one day I saw him treat two in- 
fants. His hands were gentle and his 
manner kindly. One infant had a sore 
(granos) on the cheek, which Petronilla 
was dressing with a dark green paste. 
Urbano applies the leaves he has just 
gathered, and the mother binds up the 
face and head, quieting the protesting 
baby by giving it her breast. The baby 
is very emaciated — a case of dire, the 
baby has a violent temper, crying a great 
deal, and at such times el dire se pega 
and the eruption results. The other in- 
fant is fat and healthy looking, but it 
has been vomiting and so is to be sucked 
for ojo. 


“Do you want to suck it?” asks 
Urbano, the joker. 

“No, I would rather see how you 
do it.” He takes a mouthful of the 
aguardiente the mother brought him and 
spurts it over the child’s right arm. 
With his finger he traces a cross and 
then, sucking gently, he passes his lips 
along the fat little arm. Then the 
same for the left arm. He sucks both 
sides of the forehead, both sides of the 
neck and then the chest. After wash- 
ing his fingers in a gourd of water, he 
puts them down the child’s throat, five 
or six times he does this, bringing up 
a little saliva which he washes off. ThLs 
sucking, by the way, whether for ojo or 
espanto, is quite different from that for 
chizo, when something has to be ex- 
tracted. 

On her own healthy grandchild Isidora 
gave me a demonstration of how she, too, 
sucked for ojo. It was much the same as 
Urbano ’s way. Before sucking she mas- 
sages the child with an infusion of leaves 
of the peru (acacia) and the herb called 
ruda, and then with table oil. For chizo 
Isidora does not suck. To draw blood 
or pus she uses a cupping glass, bought 
at an apothecary shop in Oaxaca. Isi- 
dora prefers Spanish survival to Indian ! 

Isidora is quite a different type from 
Urbano, or from Agustina. She is a 
nurse par excellence, looking after peo- 
ple rather than exploiting them. Taking 
care of life appeals to her. In her court- 
yard is a corral of sheep and goats. She 
keeps a flock of pigeons and much poul- 
try. To see her warm a lamb or kid or 
quiet a frightenf.d pigeon or scolding 
hen — the birds are constantly in and out 
of her room — or give her grandchild a 
bath, is a pleasure, so firm and gentle 
are her hands and spirit. 

Throughout the profession there is a 
considerable use of herbs, leaves, roots, 
etc.,* but Isidore’s pharmacopeia is much 
the largest I saw. It contains herbal 
remedies for indigestion of all kinds 

• Compare Bedfiold, pp. 168 - 160 . 
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— ^loss of appetite, stomach-ache, con- 
stipation, diarrhea — and for headache, 
bruises, gonorrhea. There are emetics 
and cathartics, abortives, poultices, oint- 
ments; also alleviatives for whooping- 
cough and measles, two epidemics very 
fatal to children among the Zapotecas, 
and even for smallpox. 

For rheumatic pains Tsidora massages 
with mountain lion grease. For ant bite 
she prescribes the saliva of a pregnant 
woman; for bloody vomit, a cupful of 
burro blood; for sore eyes, an infusion 
from the umbilical cord of the new-born, 
a remedy widely known. 

The sweat bath, temazeal, is used pri- 
marily by the Zapotecas during a con- 
finement, but curanderos may prescribe 
it also for various ailments, in women 
and men. Jos6 Martinez had ordered 
one for a male patient suffering from 
earache the day I visited the old man in 
Matatlan. 

Old Jose was unusually garrulous; he 
told among other things of how to catch 
a witch, by spilling the tiny seeds of 
Brassica nigra around the house which 
the witch has to stay to count, or by 
transfixing her by throwing water or 
urine and anthill sand at her. She will 
confess and die of shame. ‘‘If you kill 
her, you kill her.^' Jose also told of the 
tricks of spiteful lovers, how to make a 
woman's face break out in pimples or 
make her dry up and die. Jos6 had a 
patient once witli a bad leg which he 
said had swollen because the young man 
had turned Protestant. 

Isidora is quite as well versed as old 
Jose in charms against witchcraft and 
in spite charms, also in love charms, 
but I got the impression from her and 
from others that for such charms the 
curandero is not much appealed to, they 
are a matter of general knowledge or of 
knowledge within the family. 

Divination is a distinctive function of 
the curandero. It appears to meet a 
wide-spread and deep-seated need in 


Oaxaca* and probably throughout Mex- 
ico. Cards are, I suppose, the most 
common medium, but excepting the 
divining with basket and scissors which 
I saw at San Bias, Tehuantepec, the 
method I made a point of observing was 
tlirowing corn {iirar mats). 

The curandero of San Bias, Benino 
Cabeza or Tio Nino, I had heard of in 
Mitla; once Eligio had gone to him for 
news of a horse lost on a trading trip. 
Benino told Eligio that the horse had 
been stolen and in his mirror he showed 
the thief. I had lost some beads, I told 
Benino, and I wanted him to sacar la 
suerta de canasta. But Benino urged 
cards, and got out a manual of necro- 
mancy, reading me a paragraph about 
Solomon and the Queen of Sheba to 
divert me from the idea of the basket 
method. It was not until I made him 
laugh by describing scissors with my 
fingers, I had forgotten the Spanish 
word, that he gave in. “Qwe alegrel*^ 
he chuckled, patting my knee. Into the 
center of the under side of a flat basket 
he sticks the points of a pair of scissors, 
then, placing his thumbs not through 
but under the finger loops of the scissors, 
he raises the basket which by an imper- 
ceptible motion of his thumbs on the 
scissors he makes revolve, letting it drop 
from his thumbs when as he talks he 
mentions the answer desired. “Were the 
beads lost in the house or in the street 
At street the basket drops. “Were they 
stolen or merely lost ? ' ' Lost, drops the 
basket, and so Benino after all does not 
have to show me the mirror trick, the 
clever rased 1 Before each spin of the 

* Because I wore a kerchief around my head 
instead of a hat, I was frequently taken for a 
fortune- telling gypsy, Hungara, and asked to 
divine, generally about love affairs. I recall 
especially a pitiful appeal by a woman sitting 
next mo on a park bench in Oaxaca. Her 
jsenor after living with her seven years and be- 
getting a daughter, left her two years ago. 
i:»he was muy triste, she said, thinking of him 
all the time. She wanted mo to divine for her 
if he would return to Oaxaca and to her. 



CURANDEROS IN OAXACA, MEXICO 


65 


basket Benino mutters a prayer, address- 
ing Espiritu de Canasta, you w'ho 
know all parts of the world/* 

Benino assured me that his basket 
method of divining was not learned from 
the book, nevertheless all of it is ob- 
viously Spanish. On the other hand, 
divining with corn, a practice unfamiliar 
on the Ilispanicized isthmus and in the 
more Spanish parts of the country, is, I 
incline to think, of pre-Conquest prove- 
nience. In g(*rieral the method of throw- 
ing corn, iirar mats, is to shell out a 
number of grains from an ear of corn 
and throw them on to a petate, divining 
from the figures or positions the grains 
make or take, or when the grains are 
blackened on one side, from the whiles 
or blacks that fall uppermost. 

In this general scheme there are many 
minor deviations of some interest. Jose 
Hernfindez, of Matatlan, shells out four 
grains of white corn, blackening one side 
of each with soot collected into a piece 
of corn husk from the bottom of a cook 
pot. He throws the grains onto the 
scrape he has spread out, throwing four 
times to answer my question — was I to 
marry again? Yes, said the corn, and 
it would be a good marriage. 

“How does the corn show tliis?’* 

“Because the grains turn up mostly 
black.** 

I tell Eligio to put a question and he 
asks whether he has any enemies. None, 
again because the grains turn up black. 
This time old Jose has thrown six times. 
Jose had been out on a case when we 
called, and as they were preparing the 
sweat bath, the fire sparked out — a sign 
of visitors, said Jose, and just then his 
wife arrived to tell him we were calling 
at his house. He believed the fire could 
divine and as he believed in the fire, just 
so, he said, he believed in the corn. And 
I think he did. 

Jose Martinez, of San Miguel Alyar- 
rados, was far less convincing, for one 
thing because he talked continuously to 


his wife about the meaning of the 
throws, to create an atmosphere of 
credibility. He shells fourteen grains 
from an ear of yellow corn, using a bit 
of charcoal to blacken one side or rather 
the notch in the grain. Ho places the 
grains on the petate, black sides up, and 
ov(‘r th(‘m makes the sign of the cross, 
saying, *^En nomhre del Padre/ ^ etc. 
Then looking towards his altar, he 
crosses himself. He gathers the grains 
into his left hand, breathes out on them 
and mumbles a prayer. I catch refer- 
ences to La Trinidad, San Pablo de 
Mitla, San Antonio. He transfers the 
grains to his right hand, shaking it and 
throwing onto the peiaie. Yes, my chil- 
dren are all well, several throws make 
this clear. This time Eligio has an 
(UHuny — because he is with esia senora. 
He should be very careful. Eligio 
l(»arns later from another townsman w^ho 
liad listened in that Jose was under the 
impression that he, Eligio, was my novio, 
and the enemy referred to was a sup- 
posititious husband. 

In 8an Baltazar I was in luck when 
we called on Rosa Hernandez and asked 
her to throw the corn. The unhusked 
ear she took from her store proved to be 
a double ear, at which she and her son 
exclaimed, and she treated the corn car 
as 1 had seen her behave towards the 
great Cross of Mitla, when I first met 
her on a pilgrimage, holding first the 
right cheek to the corn ear and then the 
left, and then kissing it. Plainly this 
kind of double ear which is used for 
seed corn and is a token of abundant 
crops has a fetichistic or sacrosanct 
characUr At Sail Domingo Alvarrados 
I found that the flour for the bread olfer- 
ing made to La Tierra in time of drought 
was made from the double ear. (In 
Zuni, New Mexico, the double ear is re- 
ferred to as mother and child, and at La- 
guna it is fed to stock to make them re- 
produce generously.) 

Well, from her double ear of corn 
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Rosa shells out twenty-two grains; half 
she places in my right hand and half in 
my left, crossing each hand. She directs 
me to cast each handful into a small 
bowl which she places on her altar. She 
makes the sign of the cross on the rim 
of the bowl and then waves it around all 
the pictures of tlie saints on the altar. 
From the pictures she motions towards 
the bowl with both hands — the same 
drawing-in motion I had seen her mak- 
ing at the cross, from the four directions. 
Removing the bowl from the altar to the 
petate she repeats the drawing-in mo- 
tions — from the altar, from the north 
side, from the west. Now slie covers the 
bowl with another and shakes the grains 
up and down, three times. She uncovers 
the bowl and studies the grains intently. 
She pours all the grains into my right 
hand and bids me make the throw onto 
the petate. Several times I have to 
throw, and I am told that my mother 
and one son arc thinking of me, that 
I am going home soon, that I am to live 
a long time. As for Eligio, poor fellow, 
lie has enemies this time, too, and his 
v/ife is grieving about him. For him 
the whole ritual had been repeated and 
fresh grains shelled, sixteen. 

Evidently this was a haphazard num- 
ber as it was in all the other cases of 
divination I saw, except the divination 
by Maria Garcia, the mode of which she 
had learned among the Mixtecas." Marla 
has to have exactly fourteen grains to 
compose her divinatory picture (Pig 1). 
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The grains are from an ear of black com 
and she groups them with precision on 
a very small petate in front of her. She 

» But from a * * Spaniard, * * she said. 


carries the single grain at M to the 
group at A along the curve indicated, 
and the grain at N to the group at B. 
The four now at B she carries to C, and 
the four at A to D. From the group at 
C she picks up one grain, placing it near 
C, and to it she adds one grain from the 
group at 1), leaving Fig. 2. She holds 
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her mouth down near D and blows on 
the grains to make them scatter. ... I 
ask three questions. Are my children 
w^ell? Shall I remarry? Is my mar- 
ried daughter to got a divorce? For 
each question she rearranges the grains 
and blows, and she asks a few questions 
herself. How many children have 1 ? 
How long widowed? Has my daughter 
children? The corn tells her that two 
sons are sad, thinking of me; the third* 
is selfish and disobedient. They are go- 
ing to abandon something important; I 
should go back to look after my affairs. 

1 have a lover the children do not like. 
I had better not marry liiin, life with 
my family would be unhappy. I get 
angry quickly ... I shall live long. . . . 
My daugliter’s husband has other loves 
and charges her with having lovers, a 
calumny. But he is watching her. Un- 
less she have lovers, he can not divorce. 
Their life is a continual quarrel. Pre- 
senting imaginary situations to a sooth- 
sayer is not a bad way, I began to think, 
of observing social attitudes. 

Such observation 1 had further op- 
portunity to make at Agustina’s as I 
listened to her divinations for some pil- 
grims to Mitla during the fiesta of 8an 
Pablo. The first client, from San Jos6 
Pobresa, was a young woman carrying a 
baby. She was a widow and could not 
take care of her cows properly. Some- 
body was stealing from the herd. What 
should she do to check the robber? She 
was to offer two candles, one in the 



CUBANDEROS IN OAXACA, MEXICO 


67 


Calvario, one at the cross in the atrium, 
to Las Animas, the Souls; and in Octo- 
ber during the fiesta of La Virgen de 
Jucila at Tlacolula, she was to visit 
Agustina again. Meanwhile Agustina 
herself would pray to Las Animas, pray 
that the robber turn to robbing the rich 
instead of poor widows. (In short, be- 
come another Robin Hood!) 

Agustina ^s grains of yellow corn are 
already prepared. She pours them out 
from a tin box, about a hundred dry 
grains. She passes them from hand to 
hand, about eight times, praying over 
them, and in conclusion, cupping them 
in both hands, she breathes out hard on 
them, from the throat, moving her lips 
in a circuit. (Later, Eligio describes 
this breath rite as saying, nomhre 
del Padre, del Hijo, y del Espiritu 
Sanfod* but, in imitating, Eligio blows 
from his lips. The expulsion from the 
throat is, I think, Indian.) Now with 
all the grains in her right hand she prays 
again and breathes out again. She 
moves her hand forward and back and 
throws the grains onto the peiate. She 
studies the position of the grains, prays 
again, then tells what the corn is saying. 

There follows the prayer made while 
holding the grains before casting. 
(Later she dictated the other prayers 
also, but they were unintelligible to 
Eligio as well as to me.) 

Eroa maia, crea sabiduria. 

Explica me hoy en eate dia 
Para poder oxpliear. 

Eres plnneta de flor, 

Erea la riieda de la fortuna. 

A llegar en la mata 
Les convenca al instanto. 

Ten centavos is the charge for each 
particular divination, but dictation of 
the prayers cost me five pesos. And the 
prayer said by Agustina when she 
‘‘sucks,’’ a prayer learned from her 
uncle, the priest, would have cost much 
more had it seemed worth it to me.’ Her 
prayers appear to be as precious and 


costly to Agustina as prayers ever ap- 
pear to be to an Indian. 

After the widow leaves us, in comes a 
family of father and mother with her 
baby and a boy of thirteen, also from 
San Jos6. What sickness afflicts his 
wife? asks the man who is spokesman 
throughout. All these San Jose visitors, 
by the way, talk to Agustina in Spanish, 
which is a more intelligible medium for 
them than their diverse Zapoteca dia- 
lects. The woman has pains in her chest 
and in her back, low down. For this, 
after her initial ritual and casting, Agus- 
tina prescribes rubbing the back with the 
warm urine of the baby, butter and lime 
water; and rubbing the chest with an 
infusion of oja de grilla. Also Miguel 
is to pay two pesos for a mass (pagar 
uva mim de dos pesos) . And Juana is 
advis('d to keep to herself, away from 
troubl e-making friends — ‘ ‘ Las amigos 
van a platirarlo a su conirario y de alii 
empicza el pleto,^^ 

Miguers elder son and daughter-in- 
law are living with him; the daughter- 
in-law is restless and wants to leave her 
husband. What is to be donet The 
corn, recast, advises that the son, whose 
name Agustina asks for, and his wife set 
up an independent household; otherwise 
within tw’o or three months the woman 
would cease to respect her father-in-law. 
In time the son wdll become rich. For 
help in smoothing out the situation, 
Miguel is to take a candle to the church 
for the Corazon de Maria, and another 
for Jesus Nai^arino. 

After her last cast Agustina announces 
that a death threatens in the family. 
“A’o casa?^* asks Miguel very 
anxiously. 

“No, pero son familia.*^ 

Against this danger Miguel is to pay 
for six responses, three for Las Animas 
Solas, three for Las Animas Comun, a 
distinction between the souls which 
seemed quite familiar to him as well as 
to Agustina, but which nobody I subse- 
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quently questioned was clear about. 
Animas Solas, yes, that was a common 
term, perhaps it referred to those who 
died without any family to care for them 
after death ; but Animas Comun, nobody 
used that expression. 

Miguel seems well satisfied, he repeats 
all he has to do and takes off his money 
belt to find the fee, fifty centavos. 
Agustina gets out some oranges, gives 
me one and a piece to tlie baby. Miguel 
offers us cigarettes. Later when I visit 
the church 1 find Miguel and his family 
on their knees before the altar rail. In 


front on the ground burn the candles he 
bought from Agustina, and six times to 
the extra Miguel pays for the prayers 
and asperging which constitute a re- 
sponso for the dead. Did the extra 
know, I wondered, that he was praying 
to preclude a death or did he know the 
difference between Las Animas Solas and 
Las Animas Comun? And I wondered 
if other extr and pros in other parts of 
Mexico were such faithful pillars of the 
church as Agustina. If so, Catholicism 
in Mexico had at least one base that 
anticlerical legislation could not shake. 
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It is no exaggeration to say that the 
most exciting develoiDments in physical 
science during the last generation are 
those which have been associated with a 
study of wliat happens when an attempt 
is made to force an electric current 
tlirough a partial vacuum. Not only 
have these experiments led to tlie dis- 
covery of the electron and to the accu- 
rate weighing of individual atoms and 
molecules, but tliey have also led to 
much information regarding tin* archi- 
tecture of these inconceivably tiny y(*t 
incomparably active bits of matter. 
They have also led, on the practical side, 
to the discovery of phenomena and the 
invention of devices which have opened 
up entirely new avenues of activity and 
achievement. Among such discoveries 
may be mentioned X-rays, which have 
revolutionized diagnostic medicine, 
which have revealed those differences in 
molecular arrangement that determine 
the suitability or unsuitability of a 
metal for a great number of important 
industrial purposes, which detect the 
flaws in armor plate or welded joints 
and which in general enable us to see 
many things otherwise invisible. These 
experiments have also produced such 
familiar objects as the illuminated gas 
signs in the variety of brilliant colors 
which are now the striking feature at 
night of every city, the little rectifiers 
which charge your automobile batteries, 
much of the apparatus which oiierates 
your theater lights or your automatic 
electric machinery, but above all in their 
influence on the life and thought of the 


present generation, they have led to the 
radio tube, which has revolutionized the 
entire art of communication whether by 
wireless or by wire. It is particularly 
fitting therefore that in this talk on 
science to the radio audience I should 
describe some of the i3henoniena and ex- 
periments which have made the radio 
possible. 

Nearly two centuries ago while ex- 
periments were being carri(*(l on Avith 
sialic electricity — of the kind Avhich is 
produced when two dissimilar sub- 
stances like wool and rubber or silk and 
glass arc rubbed together — a peculiar 
difference in the behavior of positive 
and negative electricity was noted. I 
should here explain that the name posi- 
tive electricity w^as (piitc arbitrarily 
chosen to designate that kind of elec- 
tricity which is produced on glass wdien 
it is rubbed with silk, and that negative 
electricity is that other type of elec- 
tricity which can neutralize positive 
electricity. Now, it was found that if 
a red-hot metal ball were given a charge 
of positive electricity it would retain 
this charge for a very long time, but 
that if it were given a charge of nega- 
tive electricity the negative electricity 
would rapidly leak off through the air. 
If the ball Avere cold, on the other hand, 
there was no difference in the action of 
the two kinds of electricity on the ball, 
both being retained by the ball. Thus 
Avas discovered the peculiarity of nega- 
tive electricity, that it can escape from 
a metal if the metal is hot. 

Nothing more was learned about this 
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until more than a hundred years later 
when, in the 1880 's, Thomas Edison dis- 
covered that electric currents could flow 
across the partial vacuum in his newly 
invented incandescent lamp, the direc- 
tion of these currents indicating that 
negative electricity went out from the 
filament through the surrounding space 
to the glass walls or to any metal plate 
which might be placed within the bulb. 
This pJienomenon was known as the 
Edison effect and was obviously closely 
related to that which had been discov- 
ered more than a century before. 

Immediately following this discovery 
two German physicists named Elster 
and Geitel began a very extensive series 
of tests in an attempt to discover the 
cause and nature of these currents of 
negative electricity proceeding from hot 
metals. For this study there was de- 
signed an apparatus very crudely simi- 
lar to a modern radio tube in that it 
contained a filament which could be 
heated by passing an electric current 
through it, and another electrode — ^and 
the intervening space within the glass 
tube could be filled with any desired 
kind of gas at any desired pressure. In 
these experiments it was found again 
that negative electricity could pass 
through the surrounding gas from a hot 
filament to a neighboring electrode, that 
the size of this electric current depended 
very much on the temperature of the 
filament and also to some extent on its 
material and on the nature of the sur- 
rounding gas. Hundreds of observa- 
tions were made and recorded, but these 
experiments led to absolutely no clue as 
to the cause of these currents or to any 
definite relationship between the size of 
the current and the temperature of the 
filament and other conditions. 

Now let me digress for a little while 
to introduce to you that smallest yet 
most important part of the universe, the 
electron. Simultaneously with these 
experiments on hot filaments there had 


been going on a very intensive study of 
those peculiar luminous and electric 
effects which occur when electricity at 
high voltage passes through a long par- 
tially evacuated tube. The contents of 
the tube are luminous with various spec- 
tral colors characteristic of the type of 
gas in the tube. Starting with atmos- 
pheric pressure and gradually pumping 
the gas out from one of these long tubes, 
meanwhile maintaining a high voltage of 
perhaps some thousands of volts applied 
to its extremities, there is at first noth- 
ing to observe, since the air at high 
pressure is a good insulator. As the 
vacuum improves, however, there is first 
observed a long luminous streamer 
which gradually expands until it fills 
the w^hole tube with a uniform soft glow. 
As the vacuum improves wdth still 
further pumping, this luminosity sepa- 
rates into well-defined regions, some- 
times of different colors and separated 
by regions of darkness. As more and 
more gas is pumped out these luminous 
striations move to the positive end of the 
tube and disappear, while their place is 
taken by a different type of luminosity 
which creeps up after them from the 
negative end and finally fills the whole 
tube. At about this stage, moreover, 
the glass walls begin to glow with a 
greenish fluorescent light, and it is at 
this point that X-rays begin to emanate 
from the tube. Finally, if the gas is 
pumped out to the extent possible wdth 
our modern high vacuum pump, a stage 
is reached at which the current through 
the tube and the luminosity cease en- 
tirely. In this striking series of phe- 
nomena are to be found the essential 
occurrences of electric arcs, sparks, 
lightning, aurora borealis and all other 
phenomena of electric discharge through 
gases. 

It was while searching for the cause 
of these electrical and luminous phe- 
nomena that Wilhelm Konrad Roentgen 
discovered X-rays and a brilliant group 



SCIENCE SERVICE RADIO TALKS 


71 


of physicists headed by Sir J. J. Thom- 
son discovered electrons, whose rapid 
motion at the high voltages and whose 
vigorous bombardment of molecules in 
their paths were the cause both of the 
electrical conductivity of the gas and of 
the luminous radiation emitted by it. 
These electrons were discovered almost 
exactly thirty years ago, and from that 
day to this, scientific discoveries have 
followed at a pace never before even 
dreamed of in the history of mankind. 

Within a year after the discovery of 
electrons it had been proved that the 
negative currents of electricity which 
escape from a hot filament are consti- 
tuted simply of a stream of electrons. 
Another brilliant young English physi- 
cist named Richardson, as his doctor’s 
thesis put forward the theory that these 
electrons were simply evaporated out of 
the metals by essentially the same proc- 
esses which are involved in the evapora- 
tion of a substance like water. lie 
worked out this theory quantitatively to 
give the relation that would be expected 
between the rate at which this evapora- 
tion occurred and the temperature of 
the metal, or in other words, the relation 
between the electric current and the 
temperature, and then he carried on a 
series of notable expenments which 
proved the accuracy of his theory in a 
remarkable fashion. His theory is 
found to be accurate from the smallest 
to the largest currents which have been 
measured coming from hot filaments, a 
range in which the largest currents are 
at least a thousand, million, million fold 
greater than the smallest. 

As I have heard the story of the first 
invention underlying the radio tube, it 
is this. Richardson was reporting the 
results of his theory and experiments 
before one of the British scientific socie- 
ties. In the audience was a well-known 
electrical engineer named Fleming. 
During the address Fleming conceived 
the idea of using this phenomenon to 


produce an electric valve, that is, a de- 
vice which would allow electricity to 
flow in one direction through the tube 
but which would prevent any such flow 
in the opposite direction. This is possi- 
ble, you see, because negative electricity 
comes out of a hot filament but positive 
electricity does not, consequently elec- 
tricity can flow in only one direction 
from the filament. Fleming sketched 
liis idea on the back of an envelope and 
after the lecture propounded it to 
Richardson, who agreed that the idea 
was feasible. On the basis of their dis- 
cussion Fleming took out his patent on 
the so-called Fleming valve, a valve 
which, when connected in the antenna 
circuit of a receiving wireless set, would 
convert the alternating current of the 
radio wave into a direct current which 
could be detect ^'d by suitable instru- 
ments. 

About a year later than this, that is, 
approximately twenty-five years ago, 
Fleming discovered that this valve could 
be mucli more sensitive as a detector for 
wireless waves if a sufficient voltage 
were applied between the filament and 
the neighboring anode to produce a 
slight ionization of the small amount of 
residual gas in the tube — in other words, 
to speed up the electrons coining from 
tlie filament sufficiently to break up gas 
molecules with which they happened to 
collide. This was the origin of the so- 
called “soft ’’detector tube of the radio 
art up to a few years ago. 

From that time on improvements and 
inventions have been numerous and 
rapid. A great step forward was taken 
when De Forest introduced the grid 
between the filament and anode of the 
Fleming valve and showed that currents 
could be amplified and controlled ac- 
cording to the incoming signal from the 
antenna by the voltage impressed from 
the antenna on this grid. These audion 
tubes, so-called, wdiile sensitive, were 
somewhat erratic, and principally 
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through the researches of Langmuir a 
new tube came into being which had all 
the appearances of the old one but dif- 
fered from it in having the gas pumped 
out of it by such improved methods that 
the amount wliicli inevitiibly remained 
was too small to atfect the operation of 
the tube, so that instead of depending 
on or being affected by gas ionization 
accompanying the flow of electrons from 
the filament, the modern tube? is made as 
free from this as possible. Tinder these 
conditions the d(‘tector action of the 
tube is due to another phenomenon quite 
diff(»rent from gas ionization. Finally, 
to complete the major aspects of the 
story, I must mention the additional 
great improvements which have come 
through a discovery of the most suitable 
materials for use as filaments, materials 
which will give a steady flow of electrons 
and which will give a sufficiently large 
flow at the lowest possible temperature. 
The present tubes almost universally 
contain filaments of tungsten coated in 
an interesting way with a layer of the 
rare radioactive ehunent, thorium, only 
one atom de(»p over the surface — again, 
a discovery due to Langmuir. 

In this brief talk T have dwelt princi- 
pally upon the development of the radio 
tube, but have numtioned in passing the 
X-ray tube, the luminous gas tube, arcs, 
sparks, etc. Each of these subjects has 
behind it a story of absorbing scientific 
interest; each is at the present time en- 
gaging the attention of a large number 
of scientists and engineers in university 
and in industrial r(*search laboratories; 
and each is playing now and is destined 
to play in the future an important role 
in the electrical industry. 

Our present age is often designated as 
the electrical age. There are many who 
see indications that the electrical age in 
the next generation may develop into 
one which is to a large extent dependent 
on devices which have come from a 


study of the discharge of electricity 
through gases. 

It may be interesting to amplify just 
a bit this last statement. In the early 
days of electrical engineering, that is, 
about fifty years ago, electric power was 
generated, distributed and used in the 
form of direct current, that is, the elec- 
tric current always flowed through the 
wire in the same definite direction. 
Soon, however, it became evident that it 
was advantageous to use very high 
voltages for transmitting electric power 
over great distances because the loss of 
power in tlu' wires is less at high voltage 
than at low voltage. By means of a 
transfornuT, electric current can be 
changed from low voltage to high volt- 
age or vice versa. However, it is only 
alternating currents which change their 
direction many times a second, which 
can thus be modified in voltage by means 
of a transformer, and for this reason 
the present-day electrical industry is 
entirely an alternating current indus- 
try, except for a few particular purposes 
for which direct current is essential. 

Within the past few years, however, 
an instrunumt based on electrical dis- 
charge through a rarefied gas in a bulb 
has been developed by Dr. Hull, of 
Schenectady, which makes it possible to 
change direct currents from high to low 
voltage or vice versa, and if these in- 
struments, known as thyratrons, prove 
as practical as now seems probable, the 
next dozen years may see a return of the 
direct current in power transmission 
systems. Such a development would 
simplify certain problems of insulation 
and mark a very decided advance in the 
economy and efficiency with which large 
amounts of electric power may be 
handled. 

These few illustrations which I have 
described will, I hope, prove to your 
satisfaction that adventures with elec- 
tricity in a partial vacuum have been 
both interesting and of practical value. 



73 


SCIENCE SERVICE RADIO TALKS 

RADIO AND THE OUTER ATMOSPHERE 

By Dr. EDWARD O. HULBURT 

SUPERINTENDENT OF THE HEAT AND LIGHT DIVISION, U. S. NAVAL RESEARCH 
L.JJORATORY, WASHINGTON, D. C. 


I WISH to dcscribo some recent ad- 
vances in the knowled^’o of the outer 
atmosphere of the earth which have 
resulted from the wide-spread develop- 
ment of radio telegraphy. In 1901 
Marconi succeeded for tJie first time in 
sending wireless signals across the At- 
lantic Ocean. Lord Ilayleigh, the re- 
nowned English physicist, immediately 
asked how the wireless waves traveled 
sueh long distances, for they could 
neither go through the earth nor with- 
out help bend very much around the 
curvature of the earth. In answer Pro- 
fessor Kennelly, of Harvard University, 
and Professor Heaviside, in England, 
suggested that the air in the high atmos- 
phere might be sulfieiently electrified to 
reflect the wireless waves. Thus the 
waves w^ould be guided around Ihe bulge 
of the earth traveling between the sur- 
face of the land or sea and a more or 
less parallel reflecting layer overhead. 
During the next twenty years the sug- 
gestion remained hardly more than a 
suggestion in spite of the fact that the 
use of radio weaves expanded at a very 
rapid rate. Little progress to a better 
understanding of the behavior of the 
waves took place. Some new facts w^re 
needed. These came in the years 
around 1920 to 1924 with the discoveries 
of the remarkable properties of the short 
wireless waves below 50 meters in 
length. It was found that the short 
waves could be transmitted long dis- 
tances, thousands of miles or even twice 
around the earth, with relatively little 
power. Curiously enough at near dis- 
tances they could not be used. After 
leaving the transmitter they w^eht up 
into the air, skipping over the nearby 
region, and came down to the earth 


again several hundred miles away. The 
“skip distance “ was regarded as almost 
the first direct experimental proof of a 
reflecting region overhead The Ken- 
nelly-Heaviside layer changed from a 
theory to a reality. 

The behavior of the short wdreless 
waves was invest igat(*d by the far-flung 
organization of the United States Navy 
in an extensive program of measure- 
ments carried out wdth the cooperation 
of the radio amateurs all over the world. 
The skip distances were found to be 
greater as the wvive-length w’as made 
.shorter. They were first measured care- 
fully for four different w^ave-lengths — 
16, 21, 32 and 40 meters — giving four 
points on a curvi* From four points on 
a curv(‘ a mathematical jiliysicist can 
construct a new theory of the universe. 
Not quite this was done in this ca.se, but 
from the four points it was possible to 
calculate the maximum density of elec- 
trification in the reflecting layer and the 
height of the layer above the earth. 
The height came out about 100 miles 
above sea-level, and in the densest part 
of tlie layer there were about 300,000 
electrons per cubic centimeter and a 
large number of ions. An electron, as 
you all know, is the smalle.st unit ot 
negative electricity, and an ion is a 
molecule, or an atom, which has become 
charg' d with either positive or negative 
electricity. The charged particles are 
spoken of as the “ ionization, “ and an 
ionized gas is one which contains a num- 
ber of such charged particles. In the 
meantime other experimenters were de- 
termining the height of the layer and 
the electron density by measuring the 
time for pulses of radio signals to travel 
up to the layer and back to the earth 



74 


THE SCIENTIFIC MONTHLY 


again, and by measuring the angle of 
the downcoming waves. The values ob- 
tained by these methods agreed with 
those of the skip distances. Thus it is 
now an established fact that all radio 
signals, broadcast programs, etc., which 
are received at distances beyond 60 
miles from the transmitter have traveled 
100 miles skyward and have bounded 
back to the earth again. 

Tim skip distances and the ranges of 
the short waves were measured for night 
and day and for summer and winter 
conditions in various parts of the earth. 
The electron and ion density was found 
to be greatest at noon, to grow less all 
night and to be less in winter than in 
summer. The height was greater at 
night than in the day. The skip dis- 
tances and the behavior of wireless 
waves in polar regions will be known as 
soon as the analysis of the large amount 
of valuable data brought back by the 
Byrd Expedition is completed. Their 
data include a record for almost every 
hour of the day for over a year on the 
Antarctic ice shelf. The radio phenom- 
ena of polar regions were of course not 
known when Byrd made his flight over 
the South Pole. The plans for the 
flight called for continuous radio con- 
tact between the plane and Little Amer- 
ica. Because of the small power avail- 
able, short waves had to be used. The 
Navy's skip distance and range tables 
for winter day conditions were studied 
carefully, and a 68-meter w^ave was 
chosen for the first 200 miles, which was 
shifted to a 45-meter wave at the 400- 
mile mark and then shifted to a 34-meter 
wave for the remaining 380 miles to the 
Pole. The schedule was executed, and 
it turned out that communication was 
excellent throughout the polar flight ex- 
cept for a weak period of 30 minutes or 
more after the shift to the 34-meter 
wave. The skip distance of this wave 
was slightly greater than had been esti- 
mated, and the plane had to fly some 


distance before it entered the zone of 
good reception. 

After the fact had been established 
that ions and electrons existed in the 
high levels of the atmosphere from 50 to 
150 miles one wondered what was the 
cause of the ionization. Since the 
ionization increased during the daytime 
and dwindled away at night it seemed 
pretty certain that the sunlight pro- 
duced the ionization, especially so since 
ultra-violet light is known to ionize the 
gases of the atmosphere and since the 
sun emits ultra-violet light. Before the 
matter could be examined, however, one 
had to know what the atmosphere was 
like in these outer regions, regions above 
the blue sky — for most of the blueness 
comes from levels below 30 miles — re- 
gions visited only by meteors and wire- 
less signals, regions where the air is very 
attenuated like the vacuum tube of the 
laboratory. The entire physics of the 
high atmosphere had to be worked out 
as well as possible, the wind velocities 
were estimated from the drift of the 
meteor trails, the day and night tem- 
peratures were calculated from the heat- 
ing by the sun and the cooling by radia- 
tion at night, etc. Tables, theoretical 
of course, were prepared of the amounts 
of the various gases, nitrogen, oxygen, 
helium, etc., in the air to heights up to 
200 miles. The daytime temperatures 
at levels above 70 miles came out to be 
about the boiling-point of water, and the 
night temperatures to be around 100 
degrees below zero Fahrenheit. The 
ionization to be expected from the ultra- 
violet light of the sun was then calcu- 
lated and was found to agree with that 
derived from the skip distances and 
other facts of radio. It was concluded 
that the Kennelly-Heaviside layer is 
caused by the solar ultra-violet radia- 
tions. 

The ionization led to the explanation 
of a fact of the earth's magnetism which 
had long seemed very puzzling. The 



SCIENCE SERVICE RADIO TALKS 


75 


analysis of the magnetic maps of the 
world by the usual gaussian harmonic 
method had shown that 98 per cent, of 
the earth’s magnetism came from inside 
of the earth but that 2 per cent, was due 
to some unknown cause outside of the 
earth. It was seen from ordinary elec- 
tromagnetic theory that the ions in the 
high atmosphere under the influence of 
the earth’s gravitation and magnetic 
fields would drift, the positive ions going 
eastward and the negative ions west- 
ward. This constitutes an eastward 
electric current in the high atmosphere 
flowing continually around the earth, 
the current being mainly in the tropical 
latitudes and becoming weak at high 
latitudes. The current amounts to 
about three million amperes. It causes 
a magnetic field exactly equal to the un- 
explained 2 per cent, of external origin. 

If the ultra-violet light of the sun is 
the cause of the ionization in the outer 
atmosphere one might expect the ioniza- 
tion to dwindle away almost completely 
in polar regions during the long Arctic 
winter night. But experiments with 
round-the-world radio signals and with 
other long distance signals, as well as 
more recently those of the Byrd Expedi- 
tion, have shown that certain waves 
traverse polar regions during the winter 
night, indicating that ionization does 
exist there. One could point out, how- 
ever, that in the outer fringe of the day- 
light atmosphere — at heights above 200 
or 300 miles, regions verging into inter- 
planetary space — molecules and atoms 
are continually sprayed away to great 
distances 30,000 miles or more from the 
earth. When these particles are ionized 
by the sunlight they do not fall verti- 
cally back to the earth, but are caught 
on the earth’s magnetic field and fall 
along the lines of magnetic force into 
the polar regions. In this way the dark 
polar latitudes are kept supplied \vith 
ionization distilled in from the lower 
sunlit latitudes. 


Thus far, although we have not said 
so, we have been speaking of the outer 
atmosphere during a time of calm. We 
shall now say a word about the storms 
which occur there. Magnetic storms 
have been observed systematically for 
the past 80 years. A magnetic storm is 
a small affair from some standpoints; 
for example, it is too small to trouble 
appreciably a mariner’s compass. It 
causes, however, a tremendous wiggle in 
the curve which is traced continuously 
by the sensitive instruments of the mag- 
netic observatory. And what perhaps 
is of more practical interest, the short- 
wave wireless signals were often found 
to be wiped out and the short-wave com- 
munication channels rendered inopera- 
tive during a magnetic storm. Magnetic 
storms differ from ordinary storms in 
that they occur at the same instant over 
the entire earth. They may last a few 
hours or several days; there may be 
only 10 or 20 storms during some years 
and as many as 50 or 100 during other 
years. 

It has long been known that most 
magnetic storms are due to an outburst 
of some sort from the sun, but just what 
the eruption is like or where it is on the 
solar surface has not yet been discov- 
ered. The surface of the sun is like a 
burning prairie and is covered with 
countless flickering, blazing flames. 
Outbursts and upheavals of flaming 
gases occur continually, but no particu- 
lar type of eruption has yet been iden- 
tified with certainty as the cause of the 
terrestrial storm. Again it has been the 
behavior of the short radio waves which 
has given a clue to what happens on the 
earth during a magnetic storm, and 
what happens is a storm in the high 
atmosphere. To make a long story 
short the general idea of what takes 
place is as follows. 

The solar outburst is a flare of ultra- 
violet light which usually blazes up to 
full intensity in a few minutes or an 
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hour, and dies away more or less irregu- 
larly in a day or so. The flare is prob- 
ably difficult to see because most of its 
light, being in the far ultra-violet part 
of the spectrum, is absorbed in the high 
atmosphere and does not penetrate 
through to us. The effects of the ab- 
sorbed radiation are interesting. The 
ionization in the upper atmosphere is 
increased and a million amperes or so 
are suddenly added to the three million 
amperes encircling the earth. The mag- 
netic effects of the additional current 
are simultaneous over the earth and con- 
stitute the magnetic storm. The solar 
flare heats the liigh atmosphere in the 
daytime, causing it to expand outward. 
Calculation showed that the ionized 
layer should be lifted up about 50 miles 
during an average storm, and measure- 
ments witli radio signals showed that 
tliis was so, increases in height of 30 to 
70 miles being observed during magnetic 
storms. 

The sudden heating of the daytime 
high atmosphere by the flare causes vio- 
lent winds and turbulence in the ionized 
layers, so that the ionization is blown 
about like storm clouds or the waves of 
the sea. It becomes no longer a good 
reflector of the short wireless waves. 
During the night the disturbance dies 


down and increases again with the dawn 
if the solar flare is still in action. The 
short-wave channels of the United States 
Navy furnished evidence in favor of this 
view. To give one case : a magnetic 
storm began around noon, Eastern 
Standard Time, and continued for two 
days. The Atlantic seaboard and trans- 
atlantic short-wave circuits became in- 
operative the first day, recovered some- 
what during the night and found 
trouble again wdth the dawn of the sec- 
ond day. Meanwhile the Pacific cir- 
cuits, which were in the dark when the 
storm began, experienced no difficulties 
until the dawn and then showed weak 
signal intensity and violent fading 
which cleared up the following night. 

The ultra-violet flare incr(»ases greatly 
the high flying ions which are sprayed 
away from the outer fringe of the high 
atmosphere The distillation of the 
ionization into the polar regions there- 
fore is increased. This causes the 
aurora displays, which are known to 
occur during magnetic storms. But 
here I must stop — for the time allotted 
to this talk is limited — with just a men- 
tion that there is a connection between 
magnetic storms and the breaking up of 
comets and the variations in the zodiacal 
light. 


INDUSTRIAL REVOLUTIONS 

By WATSON DAVIS 

MANAaiNO EDITOR, SCIENCE SERVICE, WASHINGTON, D. C. 


It is not a governmental or political 
revolution that we are interested in this 
afternoon, but the quiet, gradual revo- 
lution, jierhaps I should say evolution, 
of industries that has changed the 
physical environment in which you and 
I live. 

Think back to the days of your own 
youth, the pre-radio days, the times 
when the airplane was a novelty, when 
telephones and automobiles were marks 


of distinction. It does not take a very 
long memory to remember when all silk 
was made by silkworms, lacquer was not 
made from cotton and every one ex- 
pected all steels to rust. 

Fate has not been kind to those indus- 
tries that have been content to let well 
enough alone. Buggy factories are not 
paying extra dividends. The pace of 
the last few decades has been swift to 
those who have lived through them, but 
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it will seem even speedier to the his- 
torian with perspective. 

Like it or not, the conditions under 
which we live to-day are vastly differ- 
ent from those under which our (grand- 
fathers were raised. Popular philoso- 
phers and alarmists at times set up cries 
against the cruelty of this machine age 
to its human subjects, to traditions, to 
ideas dear to con.servatives of civiliza- 
tion that was. We may expect and re- 
spect them even if we do not agree with 
them. 

There is little profit in complaining or 
praising, whichever is your inclination, 
without knowing whence and how this 
new age of ours came into being. 

History as it used to be taught in the 
schoolbooks was largely a matter of 
kings and queens, generals and battles. 
It was a chronicle of the superficialities 
of politics and wars, flavored by the 
national partisanships of the country 
whose sons and daughters were reading 
the history books. 

Napoleon set Europe aflame, but his- 
tory may well give a more lasting place 
to the inventor or inventors of the 
match. In their influence upon the 
world, obscure inventors or scientists 
who w^orked in a garret have been more 
powerful than kings and presidents, 
although they may have suffered pov- 
erty and even ridicule in their own time. 

From such beginnings the industrial 
revolution of to-day has been dreamed. 
The industrial revolutionists, as these 
pioneers of lo-day’s indusirial common- 
places may be called, have served man- 
kind without regard to the limitations of 
geographical boundaries and the passage 
of time itself. 

Where would the automobile and air- 
plane be to-day without the use of the 
cycle of Otto, German engineer? Where 
would the electrical industry be to-day 
without the scientific discoveries* of 
Faraday, Englishman, and Joseph 
Henry, first secretary of the Smith- 


sonian Institution? What would we do 
for tiros and a multitude of other neces- 
sities without the vulcanization process 
of Goodyear? How could avc do with- 
out the speedy communication of to-day 
made possible by the telegraph of Morse 
and the telephone of Bell? How unin- 
viting our wunter dinner tables would be 
without the success of the pioneers who 
put food in cans and kept it from spoil- 
ing. 

These industrial revolutionists, quiet 
earnest men for the most part, often 
impractical and foolish in the eyes of 
their critical standpat contemporaries, 
are the true fathers of our industrial 
age. Their memory is in a hall of fame 
that needs no array of statues. 

Do not for a moment conclude that 
the industrial revolution is over or even 
w’aning. It began wdien man first made 
fire; it has gained momentum speedily 
in the recent decades; it whirls about us, 
and it will rush on into future years. 

We have among us to-day a few men 
wdiose ideas and genius, mixed often 
with a dash of luck, have inflinmccd our 
civilization profoundly. Often their 
names are virtually unknown to the 
public, and the man in the street bene- 
fits from tlieir labors without knowing 
whom to thank if he should feel so in- 
clined. 

With apologies to Mr. James W. 
Gerard, who recently picked a list of 
‘‘rulers of America^’ which was con- 
spicuous for its lack of government 
officials, let me assert that while the 
chairmen of boards of great corpora- 
tions may rule our financial and even 
our political destinies, they do not 
mould our civilization. 

Scientists and technologists, “indus- 
trial revolutionists,’’ dead and living, 
are the individuals who are remaking 
our civilization. It is they whom bank 
presidents and industrial magnates must 
watch in order to safeguard their finan- 
cial investments. 
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It is not easy to pick the industrial 
revolutionists among us to-day, but 
there are some who have seen their 
genius and hard work have a major 
effect on industry. 

I nominate as to-day’s industrial 
revolutionists : 

Thomas A. Edison, who invented the 
incandescent electric light, who would 
be perpetually famous if that were his 
sole gift to mankind, but who pioneered 
in motion pictures and a multitude of 
other fields. 

Orville Wright, joint inventor of the 
airplane, who was the first to fly in a 
heavier-than-air aircraft, an achieve- 
ment that made possible the develop- 
ment of the air transportation of to-day. 

Mine. Marie Curie, because with her 
husband she isolated radium, the radio- 
active element which has found commer- 
cial use as well as utilization in the 
treatment of cancer and other diseases. 

Guglielmo Marconi, inventor of wire- 
less telegraphy. 

Dr. Lee De Forest, whose invention of 
the three-element electron tube laid the 
foundation of the great radio industry 
of to-day and who has been a pioneer in 
the development of talking motion pic- 
tures. 

George Eastman, because he invented 
photographic film which made amateur 
photography easy and motion pictures 
possible. 

Dr. Elihu Thomson, electrical engi- 
neer, whose researches on alternating 
current laid the foundation for the ex- 
tensive transmission and use of elec- 
tricity to-day and who is the father of 
electric welding, the silent builder of 
steel skyscrapers. 

Dr. Fritz Haber and Carl Bosch, who, 
working for the great I. G. chemical 
combine of Germany, developed the pro- 
duction of synthetic nitrogen from the 
air by the direct synthetic ammonia 
process on such a scale and so economi- 
cally that agriculture and industry are 


made independent of the natural ni- 
trates of Chile. 

Dr. Leo H. Baekeland, chemist, who 
invented bakelite, the synthetic plastic 
made from formaldehyde and carbolic 
acid, and who invented velox, photo- 
graphic paper. 

Georges Claude, French inventor and 
engineer, who devised the method of 
liquefying oxygen and other gases, in- 
vented the neon electric lamp and is 
now working on a method of obtaining 
power from the temperature differences 
in sea-water. 

Frederick E. Ives, inventor of the 
half-tone process of illustration repro- 
duction that is used thousands of times 
every day throughout the world in the 
printing of magazines, newspapers and 
books. 

The group of Bell Telephone Re- 
search Laboratories engineers, headed 
by Dr. Herbert E. Ives, son of the half- 
tone inventor, who brought talking mo- 
tion pictures by two processes to such 
commercial perfection that the motion 
picture industry went sound nearly 
overnight, who also perfected a process 
in television over wire and radio, and 
who has constantly improved the tele- 
phone. 

Dr. W. D. Coolidge, General Electric 
physicist, who invented the X-ray tube 
in common use which bears his name, 
and the tungsten filament electric light. 

Dr. Frederick Bergius, German chem- 
ist, who invented the hydrogenation of 
coal process by which oil can be made 
from coal and which is now being used 
in the refining of petroleum, and who is 
now developing a process for making 
edible carbohydrates from waste wood 
and other cellulose products. 

Dr. Michael I. Pupin, who rose from 
immigrant to inventor, because of his 
invention of loading coils for telephone 
lines which makes possible conversations 
across continents. 

Dr. P. G. Cottrell, who invented the 
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electrical precipitation of fine dust and 
other particles which is used to such 
advantage by smelters, cement plants 
and other industries that otherwise 
would pour out wastes that would pol- 
lute the air we breathe. 

Dr. William M. Burton, whose process 
of cracking petroleum has made possi- 
ble the production of enough gasoline to 
run the automobiles of the world. 

Sir Charles Parsons, the British engi- 
neer who invented the steam turbine. 

Sir llobort A. Hadfield, English met- 
allurgist, who pioneered in the produc- 
tion of manganese and silicon alloy 
steels. 

H. Brearley and Dr. W. 11. Hatfield, 
English metallurgists, wdio pioneered in 
the production of stainless or rustless 
steels which now have wdde commercial 
use. 

Dr. Irving Langmuir, General Elec- 
tric chemist, who invented the gas-filled 
electric lamp and atomic hydrogen weld- 
ing. 

The group of American chemists, in- 
cluding Professor 11. P. Cady, of the 
University of Kansas, Dr. R. B. Moore 
and Dr. F. G. Cottrell, then of the U. S. 
Bureau of Mines, and their associates, 
wdio during the World War extracted 
from natural gas the sun-element, 
helium, hitherto known only as a rare 
inert elemental gas, and supplied it in 
such quantities that it now floats large 
airships, 

C. Francis Jenkins, inventor, who 
pioneered in motion pictures and radio- 
vision. 

Chemists of the du Pont companies, 
who developed a new kind of paint, 
pyroxylin lacquer, and made it possible 
to paint automobiles with a cellulose 
compound. 

Chemists of the I. G. Farbenindustrie 
A. G., Germany’s dye trust, who pro- 
duced new dyes, drugs and other syn- 
thetic organic chemicals. 

Dr. Robert M. Yerkes and his psycho- 


logical associates, who during the war 
devised the army mental tests which 
demonstrated to industry the utility of 
such tests. 

Clifford W. Beers, “the mind that 
found itself,” who, because of his expe- 
riences in an insane asylum, founded 
the mental hygiene movement which is 
rescuing thousands from mental illness. 

Dr. S. M. Babcock, University of Wis- 
consin chemist, whose test for butter-fat 
content of milk put the dairy industry 
on a firm scientific basis. 

Dr. L. O. Howard, veteran govern- 
ment entomologist, who long led Amer- 
ica’s war on the insect and who aroused 
the nation to the necessity of fighting 
insect invaders which menace health, 
crops and live stock. 

Professor George H. Shull, botanist, 
who showed how to breed corn of higher 
yield that has meant millions of dollars 
to American farmers. 

Dr. John Mohler, chief of the U. S. 
Department of Agriculture’s bureau of 
animal industry, whose vigorous fight 
against foot-and-mouth disease of cattle 
has subdued that scourge and saved the 
live-stock industry untold loss. 

Dr. Marion Dorset, Department of 
Agriculture biochemist, who developed 
methods of immunizing pigs against 
cholera and thus saved heavy losses in 
the industry of hog raising. 

Dr. Theobald Smith, dean of Ameri- 
can bacteriologists, whose work on 
Texas fever removed the menace of that 
disease of cattle, but, more important, 
proved that insects can carry disease. 

Dr. Casimir Funk, who invented the 
term vitamin and called the attention of 
students of nutrition to early work on 
beriberi. This ushered in intensive re- 
search upon vitamins with resulting 
changes in food habits. 

To this list there should also be added 
many pioneers in medicine whose re- 
searches have conquered many diseases, 
but time does not permit. 
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And there can not be included in this 
list, although perhaps there should be, 
the names of thousands of individuals 
who have aided in the birth of new ideas 
or perfected them so that they could do 
industry’s work. 

Great and important names in science, 
such as Einstein, Michelson, Millikan, 
Morgan, Rutherford and a host of 
others, are not in this list because their 
work, for the most part, has not yet 
been translated into industrial effects. 
That they are affecting the world’s 
thought stream is undoubted ; that even 
the most abstruse scientific discoveries 
will have industrial results in the future 
can not be doubted. 


A decade more and it will be neces- 
sary to add to this list the names of 
some scientists and engineers who now 
are unknown even to their fellow work- 
ers. Absent from this list also are the 
names of those organizers and directors 
of research whose inspiration, planning 
and generalship have been as necessary 
to industrial revolutions as the achieve- 
ments of the revolutionists themselves. 
Absent also, but with more reason, are 
financiers and capitalists who pay the 
modest salaries of the revolutionists or 
provide the funds to exploit their proc- 
esses. They must derive their profits 
from the dividends that the industrial 
revolutionists make possible. 


RACE PROBLEMS AS SEEN BY THE 
ANTHROPOLOGIST 

By Dr. FAY-COOPER COLE 

PROFESSOR OF ANTHROPOLOGY AT THE UNIVERSITY OF CHICAGO, AND CHAIRMAN OF THE DIVISION 
OF ANTHROPOLOGY AND PSYCHOLOGY, THE NATIONAL RESEARCH COUNCIL ( 1929 - 30 ) 


I HAVE boon asked to tell you in fif- 
teen minutes some of the most important 
of racial problems as seen by the anthro- 
pologist. Perhaps I should begin by 
assuring you that an anthropologist is 
not a disease, but a student of mankind. 
It is his task to study man in all places 
and in all ages. He searches for man’s 
early ancestors in the strata of the rocks 
and traces his development up to the 
modern races. In the same manner he 
traces culture from its simple begin- 
nings, more than a half million years 
ago, up to our present civilization. By 
taking this long-time view and by study- 
ing all grades of culture it is possible to 
gain a prospective from which we can 
see our own society and our own race in 
its proper place. 

But what do we mean by race ? 
There is much confusion in the use of 
the term, and we find popular writers 
speaking of the French race, the Aryan 
race or the Jewish race. Now, of 


course, none of these are really races; 
France is a nationality; Aryan Ls a 
linguistic term and several races speak 
Aryan languages, while the Jewish 
people, once a nation, now form a re- 
ligious caste. 

In science when we use the term 
‘‘race” we refer only to physical type. 
We mean a people who have in common 
certain physical characteristics which 
distinguish them from all other people. 
Have we such types? If you stand on 
the street corner of any largo city and 
watch the crowd you quickly realize 
that there are marked differences in the 
people who are passing by. By the 
color of skin, character of the hair, pro- 
jection of the face, thickness of lips and 
other characteristics you realize that 
one is a Negro, another is a Mongolian, 
a third is a Caucasian. Such broad 
classifications are easily made, and if 
you have had some training you will 
again divide these major divisions into 
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subj^roups ^^hieh we call rac^es. For in- 
stance, the (\aueaMan division contains 
four races — the Nordic of northern 
Europe, the Alpine ol* central Eiiropt*, 
the Medit(‘rranean of southern Europe 
and the Hindu of northern India If 
time p(*rniitted we nii^ht learn that 
there are many characteristics on the 
living by wliicli we can pick out the 
typi(*al memliers of tlie races, and 
further study would r(‘V(‘al tliat (‘(pially 
clear marks of race are registered on tht‘ 
skeleton. We mi^ht also learn that 
then* are diffi'nmces in m(‘asurenients 
which can be shown statistically Knee, 
then, is a definite* thin;^^ but race mix- 
ture is so common and individual 
variations within (‘ach j^n*ou}> are* so 
j»:re*at that il is elifficult tei class a (*e»n- 
sieh*rable jireiportion of any ])opulatie)n 
The fae*t that the*re* are elilfe'rences in 
men raises many inte‘restin<i: epieMions 
and likewise many ])roble*ms. One* e*()m- 
mon assumption is that })e‘e)ple w'ho elif- 
fer freim eiurselves are ejue*er, are e)f a 
le>w(»r lenM'l anel therefore inferieir This 
is a worlel-w'iele* ielea Eve*ry tribe and 
jie'ople which still maintains its inde»- 
pe*nele‘nce* loeiks eleiw n upem its ne*ifi:hbors 
while usinjr laudateiry terms when re*- 
fe'rritif' te) itsedf. Our modern civilize*el 
^ite*rs feilleiw' the same patle*rn, and we 
are told that the Nordic is the ^re^at 
race, respemsibh* feir all the jnvat men eif 
ancient and mode*rn history. We are 
tolel that race is e*veiw thinji anel that if 
we wish to }ire*se*rve this fine* stoe*k feu* 
the future* we must e*ut off immijrration, 
ne)t only from Asia, but from e'cntral 
and southern Eui’ope AVe* are tolel by 
these wTiters that moiurre*! racers ])artake 
only of the baser rpialitie's of the infe- 
rior pe'oples. One* writer basinp: his 
conclusions em experiments wdth ffuine»a- 
pij^s tells us that a hybriel race be*e*omf*s 
infertile after the fifth {^eneratiein and 
that wa' are ceimmittin^ racial suicide by 
allow’in}? race mixture. AVe are also 
tedd that mixture eif tw^o widely diver- 


p:ent type*s, such as the* small Ijapjis and 
the bitr-framed Swe*ele*s, is apt to result 
in monstrositie»s such as huju^e* liin^s and 
heart in a tiny body. To all such 
writers race* mixture is a peril — danj^er- 
ous te) the perpetuaf ion ejf the* race*, 
elanj,au*ous to the emnliniiance of a well- 
balance*el physical type, danjrerous be*- 
e*ause* the* mixed race*s will ultimate*ly 
swallow’ up the suf)(*rie>r type anel reduce 
all to mealieicrity. 

Th(‘re* an* many more ])re)bi(*ms of a 
more technical nature, such as the 
aedual inhe*ritance* e)f certain physmal 
characters or clusters of traits, the sus- 
ceptibility of ceu'tain races to disease, 
the ability e)f mi*n of mixed racial stocks 
to stand the rigors of a neirthern climate 
or the ellVct e)f tropical sunlifrlit But 
time w’lll only pe*rmit us to examine 
briefly tlie first ^roup of problems 

If it is true* that one race has fur- 
nishe*el all the historic leaders anel has 
made most eif the* ceintributions towards 
civilization, then that fact sheiulel be 
wielely heralded anel cve*ry effort should 
be maele* to ke*ep that stock from inter- 
mixture If it is true that hybriel 
«.rroups be'come infi*rlile after tlie fifth 
p:(*ne*ration or that monsters may re*sult 
from the mixture eif diverse races, then 
intermarriage slieiuld be prohibited by 
law^ and the appearance of half-bloeiel 
children should be seve^roly peuialize*el. 

All such claims should be subje»cted to 
the* closest scrutiny, since the W'elfare of 
our race and our nation is at stake 
AVe have within eiur beirders inilliems of 
people 11' 't only of elilfer(*nt racial slocks 
but e)i the thre‘e maje)r elivisions e)f man- 
kinel Does this e'einstilute a peril ? Do 
we have any facts on which we* can base 
conclusions or wliich may aid us in jilan- 
ning and legislating for the future? 
First of all let me say tliat W’e have* 
many knowui offspring of diverse race*s 
and that such mixtures do not produce 
monstrosities. Organs sucli as lungs 
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and heart apparently are not inherited 
as unit characters independent of the 
other portions of the body. Again, we 
have numberless cases of race mixture, 
even of most diverse strains, which after 
many generations show undiminished 
fertility. Among others, let me cite 
such mixtures as are found in the 
Philippines between the Malay and 
Pigmy black; between the Malay and 
Chinese, and between the mixed off- 
spring of this union and the Spanish 
and otlicr European peoples. Equally 
well-kno^\n mixtures are to be found in 
the Indies between the Dutch and the 
Malay. All through Malaysia and 
India are thousands of Eurasians who 
show no tendency toward decreased fer- 
tility. In America we find the same 
situation among the offspring of Indian- 
French and the Indian -Spanish unions. 
Apparently then we can dismiss the 
claim that race mixture is equivalent to 
race suicide. 

The claim that racial superiority is 
established by the accomplishments of a 
people is fortunately subject to direct 
investigation. The advocate of Nordic 
supremacy points to the present domi- 
nance of northern Europe and America 
and says, “The proof of superiority is 
before you. The countries dominated 
by the Nordics lead in civilization. 
Dominance is proof of superiority.^' 
Let us test this claim for a moment. 

In the year 2500 B. C. Egypt led the 
Avorld. It was furthest advanced in all 
the arts and crafts of civilization. Had 
you asked the Pharaoh of that period if 
there was a superior race of people he 
doubtless would have said, “Certainly, 
and we are it." At about that time a 
Mediterranean people were developing a 
civilization on the isiand of Crete, but 
they did not rank with the Egyptians of 
the time. By the year 1500 B. C. they 
had progressed far beyond the civiliza- 
tion of the Nile and by every right they 


could have proclaimed themselves a 
superior people. This was just at the 
time the rude barbarians from the north, 
the tribal kings of the Odyssey and the 
Iliad, were pushing into Greece. Had 
you sought to compare these rude herds- 
men with the Cretans of the Minoan 
period you would have been laughed to 
scorn. Yet they overcame the Cretans, 
borrowed liberally of their culture, in- 
termarried with them, and by the year 
500 B. C. this mixed population pro- 
duced the golden days of Greece. 
Surely th(‘y were the dominant people of 
that age. By the beginning of our era 
Home Jiad wrested the leadership from 
Greece and was attempting to subdue 
the rude barbarians of the north. If 
you wish to learn what the Romans 
thought of our ancestors in central and 
northern Europe and in the British 
Isles, just read again your Cicero and 
your Caesar. There was no doubt in 
tlie mind of the Roman but that he be- 
longed to the great race. But the 
nortluTii barbarians showed themselves 
capable of learning, and ere long they 
overthrew Roman power and arc now 
the leaders of civilization. 

Apparently then the fact that a na- 
tion or race is dominant at any particu- 
lar time is no assurance that it will 
retain the leadership. Archeology and 
history teach us that civilization has 
shifteil from one region and people to 
another, and that the less advanced 
people of one period become the leaders 
in another age. 

The presence of many races and 
peoples in America does raise real prob- 
lems, problems requiring the greatest 
statesmanship and tolerance. Race 
mixture will continue, we will become 
more of a hybrid people than we are at 
present; but if we scan the history of 
the past or consider the known facts of 
race and race mixture we need have no 
fear for America of the future. 
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The eighty-seventh meeting of the 
American Association for the Advance- 
ment of Science will be held in Cleveland 
during the convocation week beginning 
December 29, 19»S(). This will be the 
fourth time the association has met in 
Cleveland, the other meetings having oc- 
curred in 1853, 1888 and 1912-13. Be- 
sides the fifteen sections of the associa- 
tion about forty independent societies 
will hold scientific sessions. 

The societies w’hich deal with the so- 
cial and economic sciences have pre- 
ferred to hold their sessions in the hotels 
of the down-town district, but the re- 
maining ones, concerned chiefly with the 
natural and exact sciences, will have 
their sessions mainly in twenty buildings 
of Western Reserve University and Case 
School of Applied Science, both situated 
at University Circle about four miles 
from the down-town area. 

The registration headquarters for the 


University Circle group will be located 
in the gymnasium of Western Reserve 
University. In the cmiter of the large 
floor will be located such things as the 
registration desks, post-office, telegraph 
and telephone equipment, information 
desk and bureau for validation of rail- 
road tickets, while in booths around the 
walls will be placed the general scimitific 
and commercial exhibits dealing with re- 
cent advances in pure and applied sci- 
ence. The gymnasium thus provides a 
place wh(*re members and visitors may 
find a common meeting ground. The 
news service department for tin* conven- 
tion will be located in a wing of the same 
building. 

The opening session will be held down- 
town in the Music Hall of the Public Au- 
ditorium. After brief addresses of wel- 
come the president-elect, Dr. Thomas 
Hunt Morgan, director of the Kerckhoff 
Laboratories of the Biological Sciences 
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THE SC’JIOOL OP MEHH^IXK OF WESTERV KE'^ERVE UNTYEKSITY 


of the California Irislitiite of Torbnol- 
ojry and presidtnit of the National Aead- 
oniy of Sciences, ’vvill introduce the retir- 
inf? president, Dr. Robert Andrews Milli- 
kan, head of the (hilifornia Tnstituti* of 
Technology and director of the Norman 
Bridal* Laboratory of Physics, the sub- 
ject of whose address, the main lecture 
of the meeting*, will be “Atomic Syn- 
th(*sis and Atomic Disintegration 
These exercises will be follow (*d by the 
usual reception, which will be held in tlu» 
same building?. 

IMeetin^ places for about two hundred 
sessions of the various sections and so- 
cieties have been assipied, wJiere scien- 
tific and technical papers will be read 
and discussed. But, besitles these papm’s, 
the program includ(*s tin* usual labora- 
tory demonstrations, symposia and 
eral addresses, a number of which wull 
be of interest to those wiio are not spe- 
cialists. Amon{> the latter may be men- 
tioned the Sigma Xi lecture on ‘‘The 
Science of Photography, “ to be given on 
Tuesday eviming in the John Hay High 
School Auditorium by Dr C. K K. ^[(M^s, 
of the Eastman Kodak Company. Many 
will desire to hear the annual Josiah 


Willard (libbs h'cture, arranged by the 
American Matlumiatical Society, wiiich 
is to be given on Tuf*sday afternoon in 
th(‘ auditorium of the John Hay High 
School by Dr. Edwin B. Wilson, of Har- 
vard University. Dr Wilson’s subject, 
“Reminiscences of #Iosiah Willard 
(libbs,” is es))ecially appropriate when 
vve recall that he was a student and col- 
leagm* of the eminent scientist. Imme- 
diately following Dr. Wilson’s addr(*ss 
the Sigma Xi dinner wtU be held at the 
(ieviiand Club, which is directly across 
the street from the John Hay High 
School. On Wednesday afternoon Pro- 
fessor Harlow Shapley, director of the 
Harvard (’ollege Observatory, will speak 
on “Oalactic Observations.” This ad- 
dress by a most renowned authority will 
be givin in the Allen Memorial Medical 
Tjibrary. Another geiuTal session lec- 
ture w ill be one by Dr. Ales Hrdlii^ka on 
the subject, “Animal-like Manifestations 
in the Human Child ” 

It is to be regretted that congenial 
scientific spirits find so little time for so- 
cial intercourse, m‘vertheless, the local 
committee has planned the usual lunch- 
eons, teas, dinners and smokers. Those 
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rojristeriiig will have ent!V(‘ to the Cleve- 
land Club and to the Art Museum 
There will be daily excursions to Nela 
Park, a unique institution of the Gen- 
eral Electric (^mipany. Tickets for the 
various play-houses and symphony con- 
certs will be available at the registration 
headquarters in the gymnasium. 

The local arrangements for the meet- 
ing at University Circle are in the hands 
of an executive committee, of which Dr. 
Harry W. Mounteastle, professor of 
physios and astronomy iti Western Re- 
serve University, is the active chairman 
Dr. Robert E. Vinson, president of AVest- 
ern Reserve University, is the honorary 
chairman, while the Cas(» School of Ap- 
plied Science is represented by its presi- 
dent, Dr. William E. Wiekenden. as 
honorary vice-chairman. The officers of 
the association, the Cleveland local com- 
mittee, wdth its various special commit- 
tees, and the Convention Board of the 
Cleveland Chamber of Commerce are all 
cooperating in the endeavor to make this 


one of the most enjoyable* convocations 
which the association has held. 

The council of the American Associa- 
tion will hohl a session each day during 
convocation week. The executive com- 
mittee also holds daily meetings. 

The Secretaries' Conf(»rcnce, a special 
committee of the American Association, 
]>lans to hold its annual dinner and ses- 
sion at Cleveland. The secretary of this 
conference is Dr. llarl(*y J. Van Cleave, 
secretary of the American Microscopical 
Society, who has charge of the program 
The chairman is Dr. Philip Fo.t, secr(*- 
tary of Section D. The conference con- 
sists of the secretaries of the association 
sections, the secretaries of the associat'd 
societies and the members of the execu- 
tive committee of the association. 

The Academy Conference of the 
American Association is planning to 
hold its Cleveland session at the close 
of the first council session. This confer- 
ence consists of the council representa- 
tives of the affiliated academies of sci- 




88 


THE SCIENTIFIC MONTHLY 



T)R. (5. A. BLISS DR K K BK’ffTMYKK 

PROFKSSOB ok MATllKMAl'ICS, UNIVKRSITV OK T’BOKKSSOR OK rilYHU’S, COHNKI,!, l'N'IV^,RSIT^ 

ruicAflo, Chairman ok the Section or Chairman ok the Sei tion ok Piivsick. 
Mathematics. 
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DR. KDSON S. liASTlN 
I’ROFKSSOK OF Kf’ONOMK’ OKOLOOV, TTmvERSITY 
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DK. E. J. KRAIT8 

Professor of botany, University of Um- 
CAOO; UlIAIRMAN OF THE SECTION OF BOTAxN* 
icAii Sciences. 



DU \VM A. UTLKY 
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SOT\; UHAIRMAN OP THE SECTION OF ZOOLOO* 
icAL Sciences. 



DU. CARL E. CiUTUE 
Director of the Museum of Anthropology, 
University of Michkian; (’hair.man of the 
Section of AntiiropotiOgy. 
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rncjo and three represen tat iv(‘S of the 
assoeiation. Tlie s(*eretary of the con- 
ferenee this y(*ar is Dr. Chaneey Juday, 
of the Wisconsin Academy, who has 
charf<<» of tiie proj^ram. The chairman 
is Dr. D. W. Moreiioiise, of the Iowa 
Acadcmiy. 

The <*i^hth annnal award of the 
American Association prize, of one thou- 
sand dollars, will be made to the autlior 
of a paper presented at tlie Cleveland 
meetinj?. Throii*>:h th(‘ j?enerosity of an 
anonymous member seven of these i)rizes 
hav(» thus far b(‘en awarded The prizt* 
is awarded each year to the author of a 
noUwvorthy paper presented at the an- 
nual meetin". It is not ru'cessary that 
the author be a member of the associa- 
tion. All papers appeariufj^ in the Gen- 
eral Program are automatically elij^ible, 
excc»i)tin<it invited papers and presiden- 
tial and vice-presidential addresses. In 



DR. EDWIN G. BORING 
Professor of PSYi iiOLOGY, Harvarii Univer- 
sity ; Chairman of the Section of Psy- 
chology. 



DR. FRANK B. JEWETT 
President of the BkiJi Telechonf Eabora- 
TORiES: Chairman of the Section of Exiii^ 
neering. 

making the award no attempt will be 
made to select the “best’’ papi'r pr(»- 
sented, for useful comparisons an* not 
possible in different fields of science ; the 
intention is simply that the prize shall 
b(» awarded to the author of some not- 
able contribution presented at (1eve- 
land Previously published work may 
be considered w’hen pertinent. The 
donor of the prize desires to aid younj^er 
authors by this means rather than to 
honor older men. The prize is not to be 
aw^arded in the same field of science for 
tw^o consecutive years. 

A list of the names of those to wdiom 
the association prize has been awarded 
is shown below, tofjjether with the topics 
dealt wdth in the wdnnin^ papers. 

(1) The Cincinnati award, January, 1921. Jj. 

E. Dickson, for contributions to tlio 
theory of numbers. 

(2) The Washington award, January, 1925. 

Divided equally between Dr. Edwin P. 
Hubble, for contributions on spiral nebu- 
lae, and Dr. L R, (Cleveland, for contri- 
butions on llio physiology of termites 
and their intestinal protozoa. 

(3) Tho Kansas City aw’ard, January, 1926. 
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Dr T>nyton C. Miller, for contributions 
on the ether drift experiment. 

(4) The Philadelphia award, January, 1027 
Dr. George D. PirkhofT, for inatheniatic.il 
(iiticisin of some physical theories 
(.')) The Nashville award, January, 102K II. 
J. Muller, for coiitributi<»ris on the in- 
ti uenee of X-rays on ^eiu's and chroiiio 
Hollies. 

((D The N^ew York a\\ard, Janiiar^v, 1929 
()ln(*r Knniin, for contributions on the 
hoiiiiones of the pituitary gland. 

(7) The Des Moines awaid, Jamuiiy, 19.U). A. 
J DeinpstcT, for I'ontribiit ions on tin* 
leflectioii of protons from a ealcite 
c rystal 

^\.]] ineinlier.s of the H.ssoeiHtioii arc 
asked to secure now uuMiihers or to send 
to tin* perinaiuuit secretary's otrice in 
Wasliington names and addresses of per- 
sons mIh) migflit be int(‘r(*sted in joining 
the association. Copies of a liookhd on 
“Th(» Organization and Work of the 
Ameriean AssoeiationC’ as well as mem- 
bership applieation eards and sample 
copies of the journals, may b(» secured 
at any^ time from the p(‘rmanent se(*re- 



mi. LEONARD V. KOOS 

PrOFES.SOR of EDUl’ATlON, UnI\KRSITY OF CHI- 
CAGO; Chairman of the Section of Educa- 
tion. 



DEAN WALTER C. COFFEY 
Director of the department of agriculture, 
University of Minnesota; Chairman of the 
Section of Agrh’ulturk. 


tary office*. Membership in the associa- 
tion includes a subscription to the 
weekly journal ScicTirr or the SriEX- 
TiFic MOxVTiiLY , for the calendar year be- 
ginning at the close* of the annual meet- 
ing. The jeiurnal alone is weirtli imire 
than the annual membership dues. An- 
nual members of the association may 
have beith Science and the SciKXTiFiej 
Monthly by paying 00 in additiem to 
the animal dues ($8 00 in all), if the ael- 
ditional payment aeeompani(‘s the remit 
tanee of annual dues Annual members 
of the asseieiatiem may also subscribe for 
the N. ' iicc Ncws-J^cltcr at the sp(*eially 
reduced price of 00 per year, if the 
additional remittances accompany their 
payment of dues in <*aeh ea.se. Jiil’e 
members may ree(*ive one or both of the 
extra journals by paying $.‘1.00 for each 
subscription. 

New members of tlie a.ssoeiation r(*gu- 
larly jiay an entrance fee of $5.00, but 
this year that fee is remitted to members 


92 


TIIK SriENTlFlC MONTHLY 


of a]iy associated orj^anizatioiis, includ- 
tla* affiliated stat<» academies. Those 
who take advatitajro of this privilejjfe and 
join at the (1ev<*land meetin}^ without 
payin*^ the (‘ii trance fee* si ion Id till in the 
blanks on a blue membership application 
card and present card and dues for 
($0 00) when they register 
All who attmid the (Mev(»land ni'etinj^ 
are asked to join the Aim*rican Associa- 
tion when tiH‘y r(*<^nstci\ unless th(»y are 
alread\ (mrolled. 

Thos(* who an* not m(‘mb(‘rs of the 
Am(*rican Assocmlion ami who do not 
wish to join at this turn' are invited to 
bc(*om(* associah's for this meeting Tin* 
associat(* Jee is .$0 00 Associalt*s ba\(‘ 
al! tin* privile^o*s of the iin*(‘tin<j:, (‘Xc(*pt 
voting, and lln‘y will receive the ‘General 
i’(*ports of (he me<*tin;x wln*n tliesi* are 
iniblislied about F(*brnary I. They are 
to rcfjister without payinj? any n'j^istra* 
tiou fee*. Associate* fees will be used to 
liel]) d(d‘ray tin* costs of tin* me(*tinjj^ 



DJt. LOIMS n WILSOX 
PuOFESSOR OF I’ATHOLOOY and niKI-.CTOR OP TMK 

Ma\o Foundation; (Mi airman of the Section 
or MkDK AL S( IFNCFS. 



l>K LKONAIM) IflOS 

A I( l‘ -l»RI'SM)l* \T OF 'niK ('L1*M'L\\D 'I’KI ST (*OM- 
r\NN , I’llMimVN OF TIIF SiCTION OF SoCIAIi 
AND FeONOMIC SciFNMhS. 

\'isitors from outside of tin* Tnited 
States and Canada who are not m(*m- 
bers of the association may be invited to 
llie m(*etin}’; as fon*iji:n associate's Me*m- 
Ih'rs e)f the asseie^iatiein ma\ recomme*nel 
te> the permanent S(*e*re*tary pe*rsons wdiei 
slnuild n*e*e‘ive» eifficial invitations, ^ixinji: 
re*ase)ns Elij^ibility te) this liemor is 
abend tin* same* as e*li^ibility tei fe*llow’- 
sliif) 111 tin* associatiein. 

^fucli infeirmatiem ce)nce*rnin" sue*li 
thinj^^s as Imte*! ln*aelepiarte'rs, transpe)r- 
tatiem, me‘e*tin^^ place*s and other details 
will be fenuiel in the pre*liminary pro- 
jrram publislie*el in the* issue eif Srifnrr 
tor Xeivember 2 S, l!i;i(). Tin* editor e>f 
this article is Dr Diirtein E. Livin”:ston, 
permaneid- secretary eif the American 
Asseiciatiem lor the Aelvance'iniuit of 
Science, who may be* addressed at the 
Smitliseuiian Institution Buildiii", 
Washin^tem, I) C. 
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THE AWARD OF THE NOBEL PRIZE IN MEDICINE TO DR. KARL 

LANDSTEINER 


The ostablishmout of the Nobel Prize 
has liad a value of far ^ireater si«^- 
mfieanee tlian tb(‘ tauj^ible re\vards ac- 
ini to tlie r(*ci[)i(*iits. It lias cre- 
ated intiu’national public recoji^iiition of 
acliieveriKuits \NliicIi, in the ordinary pre- 
occupathnis of iii(*n vilh material alTairs, 
have ()ft(*n been conipl(‘t(*ly iiep:lected, or 
])ostponed until hiii*]^ after the death of 
the man or woman wlio lias (‘iiriehed 
liuman understanding In its scientific 
awards tin' cominissn)n which decnh's 
thes(* matters has been extraordinarily 
w'ell advised, and almost all its decisions 
hav(' met A\ith tin* (*nthusiastic api)roval 
of tln)s(‘ most comiH‘t(*nt to know Tn 
consequenci', tin* attention of a w’orld 
coiuM'utrated on tin* tem])orary problems 
of political and economii* affairs has b(*en 
j)eri()di(‘ally divert(*d to the conti'nipla- 
tion of the laliors of tin* few' who - un- 
disturbed by the competitivi* turmoil, 
and oft(‘n indifferent to material succ(*ss 
— are making permanent contributions 
to tin* [iroji’ress of int(»lli^»’<*n<*e Avhich is 
civilization. And it is a j^ood deal to 
a<lniire even if one does not wholly 
und(*rs1and The Noliel Prize Commis- 
sion has almost invariablv granted its 
awards for solnl fundamental achn*ve- 
ment wdiich, without its wise .iudjxnn'iits, 
would have b(*en crowd<*d out of public 
attention by mon* sensational thin^^s and 
which would, as often in the ])ast, have 
p<‘netrated to recojrnition only in the 
wake of lat(*r practical applications 

Tn file ranks of the others so honori'd 
in his owui fh'ld of study- -Behrintr 
(1001), Ivoch (lOOrO, i:hrlich and 
ATetchnikoff (1008), Uichet (1010) and 
Bordet (1010) Landsteim*!* takes his 
rijifhtful place, Ion" "ranted him indi- 
vidually by immunolo"ists the world 
ov(»r, most of whom have been Ids ad- 
miriii" and p:rateful pupils. 

Tlic* particular study for wdiich the 
]irize was bestow(*d was carri(*d nut as 


loll" a"o as 1000 In his ])ajH‘r of 1!)01 
the fcnindation for a m‘w chaider in im- 
munology was laid, and tin* t(*ntativ(* 
classitication (»f liuman blood "roiqis 
outluK'd in this publication was com- 
j)iet(‘d III the follow in." y(*ar by Laud- 
st(‘im‘r\s pupils, L)escast(*llo and Stiirli, 
workiTi" uinh*r his direction. Since that 
tniK* man\ e\(M‘llent elaborations of tins 
work hav(* b(*en [lublished, but nothinj^ 
was fundamentally changed or addi‘d 
in its conserpiences upon jiractical medi- 
cine and surgery, tin* infliu'uce of thesi* 
studies has b<*(‘n eonsiderabh*, but they 
liave had a jirofound reai'tion as well 
upon ^cneti(*s, anthropolop:y and zoolo"y. 

Though important and fundann*ntal, 
this work is only one of a series of 
achie\em(*nts any one of which mi"ht 
hav(* b(*(‘n cited as tin* imnu'diatc* reason 
for the award ill" of the prize Since 
181)4, Ijandsteiner has published about 
IIT) pat)(‘rs, (‘ither alone or witli various 
pupils Thr amount of work that he 
has inspir(*d ]>robably far (‘\ee(*ds in the 
number of titles tlie communications 
which stand in his name The distin- 
"uishiu" characteristics of Landst(*iner 's 
in vest ijial ions are "r(‘at orijrinality of 
approach and an extraordinary mast(*ry 
of the fundam(*ntal scii'iices. Without 
his broad knowled"e of cc'rtain branches 
of chemistry and of ])hysies, much of 
his most im[)ortant W'ork would hav(* 
b(*en impossibh* 

Into his earli(*r period fall a con- 
sideralile number of puri'ly chemical in- 
vest i"ati‘j s, such as a study on tin* Ix*- 
havior of diazo-benzol u])on ])otassinni 
])erman"anate. on cliloric aidd, on ^ly- 
colaldehyde and on color reactions of 
jn-oteins wdth sulphurous acid and the 
phenols TTy his earlier purely chemical 
interests he W'as induced to study the 
chemistry of anti"en-antibody reactions, 
and occupied himself with ehemical- 
patholo"ical problems deal in" wdth de- 
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generation of the kidneys and the in- 
terrelationship of ferments and antifcr- 
ni(»nts. During this earlier ])eriod, also, 
a luuuber of studies in pathologieal mor- 
])hology were published wliieh may be 
regarded as exercises of gcuieral training 
and have no speeial signilieanee in his 
d(*vel()j)nu*nt. In the tirst d(‘eade of the 
pn'sent eentury he tniblished his impor- 
tant studies, with Finger, upon the sus- 
ceptibility of monkeys to syphilis, as 
\N(‘ll as obs(‘rvations upon fiaroxysmal 
h(uiioglobinuria which establisluMl the 
meehaiiism responsible for this condi- 
tion At this time he also began in- 
qiiiru's into the imniunologieal signili- 
eance of the lipoids. Jn 11)0!) eaiiie his 
sueeessfiil transmission of poliomy<‘litis 
to iiionk(‘ys, this being — with the work 
of Flexn(*r and Lewis at the Hoekefeller 
Institute the fundarmuital observation 
upon the infeetious nature of a group 
of diseases of the central nervous sys- 
tem now r(‘eogniz<*d to be due to lilter- 
able agents. His extraordinary \ersa- 
tility is evident in the fact that together 
with these purely biological studies he 
was already beginning his investigations 
into the beliavior of antigen and anti- 
body in the electrical held, upon the ap- 
plication of adsorption phenomena in 
antibody union and in physical analyses 
of s])t*cihc precijiitation ami alexin hxa- 
tion. 

Landsteiiier had thus, before lhl4, in 
a scri(*s of investigations covering an 
extraordinarily wide field of endeavor, 
made fundamental contributions to the 
exjierimental study of syphilis and of 
poliomyelitis, had revealed tlie existence 
of human blood groups, and had basic- 
ally modified our points of view regard- 
ing antigen-antibody reactions. In ad- 
dition to this, in communications of less 
fundamental importance he had per- 
fected methods of immunological tech- 
niipie and had occupied himself with 
purely bacteriological experimentation 
such as the cultivation of the virus of 


fowl plague, the technique of tiv'ponema 
demonstration, and the nature of the 
hemotoxiiKS of the anthrax group of 
bacteria. Though many of liis investi- 
gations up to that time w(‘re of tlie 
great (‘st importanc<‘ and include the 
particular work for which tin* NoIh‘1 
Prize was granted him, bis most bril- 
liant work was yet to come. Norn* of 
the investigations so far mentioned 
will, in our estimation, poss(*ss so per- 
manent and fundamental an intluence 
upon the future development of im- 
munology as his studies upon tli(» clumi- 
leal modifications of the antigens wlncli 
W(*re begun about 1913 and have be(‘n 
carrit'd on in som(‘ tw^enty od<l publica- 
tions from tliat time to the ])resent day. 

Obermeyer and Pick had found, in 
DOG, that the specificity of proteins 
could be altered w^hen the aromatic 
radicals w'er(» modified by the introduc- 
tion of iodine, NO^ and N-N into the 
protein nudeeule. Such altereil jiroteins 
produced antibodies wdiich wvr(‘ specific 
for the alteration form of ])rotein us(*d 
in the immunization but not specific for 
the specie's from which the protein w^as 
d<*riv(*d From such observations grew 
a theory of siieeifieity which for some 
time was g('n(*rally accepted. Land- 
stemeT, with a number of pupils, found 
that sp('ci(*s specificity could be modified 
in many ways other than by alteration 
of the aromatic rings. He produced 
modified proteins by esterification with 
acid alcohol, by methylation and by a 
number of other methods which pro- 
duced changes not affecting the aromatic 
I'adiele*-’ clone. He also modified protein 
by treatment with formaldehyde and 
by combining horse serum wdth deriva- 
tives obtained from various amino-com- 
ponnds. By a series of investigations 
with the latter substances entirely too 
complex to be outlined here, he was able 
to bring strong evidence to indicate that 
the specificity of a protein antigen de- 
pends upon the chemical structure of a 
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ivlativoly siiiiill part of the large protein 
molecule, and that when substitutions 
were made in the aromatic nuclei, tlie 
relative iiosition, in the aromatic nucleus 
of tlie added group, of the significant 
radicle was as important as the substanc(» 
introduced None of this work could 
hav(* bc(‘n done without a broad knowl- 
edge and ex])erience both in immunology 
and in tlu* teclinique and reasoning of 
organic clnmiistry. 

Tn carrying out this \N07*k, Land- 
stciner also found that if he produced 
antibodies by the immunization of an 
animal with a prot(*in combined with a 
non-antigeni(* substan(*e such as meta- 
nil i(* a<*id, the antibodies so firoduced, 
while specific for the compound protein 
that had incited tlnuii, would also react 
with tlu* add(*d grou[) or substance, 
though the latter in itself w’as non-anti- 
genic The add(‘d group, in otIuT words, 
was able to bind the sp(‘ci(ic antibody in 
vitro, thus rendering the antibody un- 
able to react with the whole antigen, 
that is, with the protein into wdiich tlu* 
group had been introduced. This laid 
tlu* foundation for our pres<*nt knowl- 
edge of partial antigens, a branch of 
knowl(*dg(» which has already become of 
the greatest inqiortancc in the study of 
bacti*rial antigens. 

Tn its fundamental influenci* upon 
bacteriology, his lat(*st work, ])ublislu*d 
111 ItfJS and lf)‘2n A\ith Van der Scher, 
is ])('rhaps the most significant of all 
In these pap(*rs he re]»orts upon ex- 
periments in which he prepared Icvo-, 
dextro- and mcso-paraaminotartranilic 
acids and Avith these amino acids pro- 
duc(*d azo-[)roteins from hors(» .serum. 
By immunization of rabbits with these 
azo-proteins he obtaiiu'd immune sera 
which differentiate*!! sharply the three 
antigens, Avhich w^ere identical in every 
other respect, but possessed stereoiso- 


meric groups, thus indicating a speci- 
ficity depending upon the asyiii metric 
carbon atom. lie suggests in this com- 
munication that since the tartaric acids 
by their clu'iiiical constitution belong to 
the same substance's as sugar aciels, the*se* 
results may have bewaring upon the* .s])e- 
cificity e)f bacteria containing carbeihv- 
drate partial antigens, and inde*e^el this 
sugge'stiem has alre*aely borne fruit for 
piK'umejceiccus antige*ns in the* hanels of 
()e)e*b<*l anel Avery. 

It has be*e*n eiftcn said that tlu* eni i- 
ties which make* tor gre'at .'»ci(‘ntitic 
achien'enie'Tits are ve*ry similar to those* 
which le*ad te) artistic preAdiiction At 
any rate, in meist gre*at bie)le)gists ttu*re 
has be'cii an artistic stre»ak which in 
Landsteiner — a typical Vienne*se*- has 
taken the lorni eif music lnd(‘e*el, 
though Landste*ine*r is fortiinatedy noAV 
an American by ade>ptie)n. Ins training 
and his jie'rsemality and, w'c bedie've, the* 
foundatiems of his great achievements 
are typically those of Vienna in he*r best 
days We* may claim him with ple'asure* 
as one eif us iuian, but A\e can not justly 
edaim any cre*dit feir his ele‘ve*le)pnu‘nt, 
largely be*caiise* almeist all his gre*at work 
was be'gun — anel niue*h of it tinisheel long 
before* lie came to America. Like* Tjoe‘b, 
Eelniund B Wilsem and nuiiu*rous other 
gr(*at me*n, his most characteristic ])e‘r- 
semal trait is an almost e*hilellike* sim- 
]>licit\ anel ge*ntle*ne*ss Perluifis e)ne e)f 
the* me)st ele*scriptive facts that one* can 
state* in characterizing him is that the* 
public kiu'W' practically ne)thi ng e)f him 
anel fe'W, e)utside of his cleise* ])e*rsonal 
circle and those who had fedleiwed his 
AVe)rk, kne'W’^ that he* Avas erne* eif the feAV 
gre*at living scientists until he was ael- 
judge*d so by a jury of his professional 
coll(*ague*s through the Nobel Prize* re)m- 
mission. 

Hans 
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THE ATLAS MOUNTAINS OF MOROCCO 

By Professor ANDREW C. LAWSON 

UNIVKHSITY OF CALIFORNIA 

Thk accompanyiii}' map (Fif?. 1) from tlie Strait ol (.iil)raltar for ovi*r 
sliows that Morocco cxtcouls ov<“r ci<»ht SOO km On flic iiortli it faces the 
degrees of longifiidc and six of latituile. Mediterranean for about .‘550 km. It 
Its Atlantic coast stretches southwest ailjoins Algeria on the east along a con- 
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volitional boundary; but its limits on 
the south are indeterminate. Where 
Morocco ends and Sahara begins ap- 
fioars to be a matter of no political 
importance. 

The Atlas Mountains, including in 
the system Beni Snassen, extend diag- 
onally through Morocco from its south- 
west corner on the Atlantic to its north- 
east on the Mediterranean, the general 
trend being E.NE. ; and they are 
flanked on both sides by plateaux and 
plains of diverse geomorphic character. 
The culminating peaks and ridges rise 
to altitudes of about 4,000 meters. In 
their descriptions of Morocco and on 
their maps of the country geographers 
have divided tlie Atlas into three 
ranges: (1) A central range known as 
the Grand or High Atlas; (2) the 
Moyen Atlas, lying to the northwest of 
the Grand Atlas in northern Morocco 
and separated from it only by the upper 
readies of two opposed streams, the el 
Abid flowing southwest and the Mou- 
louya flowing northeast; (3) the Anti 
Atlas, lying to the southeast of the 
south end of the Grand Atlas and sepa- 
rated from it only by the upper reaches 
of two opposed streams, the Sous and 
the Dra. The general trend of the 
Grand Atlas is slightly concave to the 
northwest, and the bearing of the range 
is a few degrees more nearly east-west 
than either the Moyen Atlas or the 
Anti Atlas. 

The Rif Mountains in northern 
Morocco have a trend parallel to the 
concave Mediterranean coast, and ap- 
pear on the map to be independent of 
the Atlas. They are an extension into 
Africa of the Betic range of southern 
Spain. The structural ridges of the 
Betic range curve around to a north- 
south trend in the vicinity of Gibraltar, 
and the formations which cohstitute 
them appear with the same trend on the 
south side of the strait, whence, curving 
easterly and then northeasterly in a 


mountain belt 250 km long, they pass 
out to sea in the vicinity of Melilla. 
The Rif is the Moroccan segment of a 
lobate range which is common to 
Europe and Africa. The Strait of 
Gibraltar and the submarine depression 
which determines it lie in tlie axis of 
the lobe. The north flank of the Rif is 
precipitate, while the south flank has a 
more gentle slope to the plateau which 
is traversed by the River Sebou, and 
which separates the Rif from the Moyen 
Atlas. This plateau, wide to the w^est 
and constricted to the east tow'ard Taza, 
affords the only easy route for travel by 
land betw(M*n western Morocco and 
Algeria. It lias for that reason played 
a great role in the history of Morocco, 
and until recent y(‘ars w'as politically 
and commercially the most important 
part of the country. The ancient capi- 
tal cities of Fez and M(‘kni^s are situ- 
ated on this plateau. To-day the most 
important commercial city is Casa- 
blanca on the Atlantic seaboard, and 
the chief political center is Rabat, also 
on the coast 87 km to the northeast, 
which is the seat of the French Resi- 
dency. 

The formations 'which enter into the 
make-up of the Atlas fall into two 
groups. The first of these comprises 
certain pre-Cambrian granites and 
schists of limited extent, a very large 
development of Cambrian quartzites, 
shales and limestones, and h*wss extensive 
areas of Silurian, Devonian and Car- 
boniferous strata. The rocks of this 
group were acutely deformed at the 
time of the Hercynian revolution and 
the resulting mountains, occupying a 
region very much more extensive than 
the present Atlas, were reduced to a 
peneplain. On this peneplain, and par- 
ticularly in a geosyncline formed by 
the depression of a part of it, accumu- 
lated the formations of the second 
group. These comprise the continental 
deposits, fanglomerates, red beds, etc., 
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of the Perino-Trias and tlie marine beds 
of the Jurassie, Cretaceous and Eocene. 
At the time of the Alpine Revolution 
this ^eosyneline collapsed, the rocks of 
both <?roups were more or less acutely 
folded, and a «i*reat mountain ranpfc look 
the place of the "(‘osyncline. The thin- 
ner post -Carboniferous strata on the 
flanks of this Alpine uplift remained 
for the most ])art undisturbed, but 
there were areas of "entle folding, such 
as correspond to the foothills of a great 
range. The undisturbed strata and the 
flanking footliills stood much lower, 
horizon for horizon, than they do to- 
day. JJut, inasmuch as a thick prism of 
rock has been removed by erosion from 
these flanking regions since the Alpine 
Revolution, the surface of large parts of 
th(»m may have beeii even higher than 
at pr(*sent. Other parts were depressed 
in middle Tertiary time and, as in the 
region about Meknes and Fez, became 
embaynients and straits of the Miocene 
sea. 

The Atlas Mountains as we see them 
to-day are generally regarded as the 
product of the Alpine Revolution at the 
end of the Eocene. It is the purpose 
of this paper to show that while the 
structure of the Atlas, as displayed in 
its Mesozoic and early Tertiary forma- 


tions, is properly referable to the Al- 
pine earth movement, the region sur- 
rounding tlu‘ range was reduced to a 
peneplain, and the range itself to 
residual hills, before the end of the 
Tertiary; and its present altitude and 
sculptun* are due to the uplift of the 
region, including the hill range, by 
arching, and the upthrust of the latter 
by faulting. 

From a geomorphic point of view the 
Atlas has the characteristics of a very 
youthful range. The canyons are nar- 
row and V-shaped ; and the crests arc 
sharp ridges and peaks formed by the 
intersection of the canyon slopes. The 
streams Iiave a torrential habit and flow 
in trendies far above the base-level of 
erosion. The general f(*a1ur(‘s are com- 
parable to those of the southern half of 
the Sierra N(*vada of California, the 
uplift and sciilplure of uliich date from 
the end of the Tertiary, or to those of 
the post-Plioc(*ne Himalaya. Many of 
the features of the Coast Ranges of 
California, a post -Pliocene uplift, are 
much more mature than those of the 
Atlas. It seems incredible to a geo- 
morpliologist that the youth and vigor 
of the Atlas could have survived from 
the time of the Alpine movement. He 
is at a loss to understand why they 
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FI(3. 5. SEAWARD DIP 

OF WAVK WASHED TeRTIARY SAKDSTONK, AT RaBAT. 


should have ondun'd so lon^, whon the 
nmch more extensive Ilereynian Moun- 
tains, formed in tlie late Carboniferous 
in the same repfion, were reduced to a 
peneplain in time to reeeivi' a vmieer of 
continental deposits in tlie Permian. 
For a ranj>;(‘ of such antiipiity he expects 
wide valleys and rounded past-mature 
divides, graded streams and gentle, soil- 
covered slopes. Finding instead of 
these the incisiveness of new dissection, 
steep rocky canyon walls and, in the 
Anti Atlas, remnants of an overarching 
peneplain Avhich tnincat(»s the Alpine 
structures, he is forced to the hypothe- 
sis of geologically recent rejuvenation. 
The formulation of tliis h;ypothesis and 
the partial exploitation of the evidence 
which sup])or1s it are based on an all 
too scant acquaintance with the ri'gion 
obtained by three visits to Morocco, 
comprising: (1) a trip to Spanish 
Morocco in 192(i as a participant in an 
excursion organized by the Interna- 
tional Geological Congress, meeting at 
Madrid that year; (2) various excur- 
sions in Morocco, Algeria and Tunis in 
1929; and (3) an excursion into the 


Atlas in 1930 under the leadership of 
Messrs. Jj Neltner and E. Roch. \^u*y 
little has been written concerning the 
geology of Morocco; but I have had the 
advantage of r(*ading M. Neltner’s type- 
written guid(* for the excursion of 1930, 
and a very (excellent treatise on the 
geography of the country by Hardy and 
Celerier.^ The maps which have been 
available to me are: Maroc, C^arte 
dressei* t't jiubliee par le Service Geo- 
graphiipie du Maroc. Echelle au 
1 ,0()0,()()0. Kabat 1930; Carte g(‘o- 
logique provisoire du Maroc par Louis 
Gentil. 1:1,500,000 Paris 1920; Cro- 
quis geologique de la zone fran^*aise du 
Maroc, 1 ; 3,500,000, issued to the excur- 
sionists of 1930. 

Much of the evidence to which 1 refer 
consists of facts w'cll knowui to Moroc- 
can geologists, but tlie conclusion de- 
duced from that evidence, as to the 
rejuvenation of the Atlas, is new\ 

The evidence of uplift of the region 
northwest of the Atlas is very plain 
although its extent may not be easily 

J'^Les grandes ligneH de la g<5ographie du 
Maroc,'' 2® Ed. Paris, 1927. 
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defined. At Cape St. Vincent in south- 
ern Portugal sea-eliifs extending on 
either side of the cape for more than 
t'wenty miles reveal the structure of tin* 
formations whicli here make up the 
coast. The strata are folded, in places 
acutely and in others more gtmtly; occa- 
sionally a fault may lx* observed. The 
cliffs an* from oO to (if) m high, and back 
from their brink a level b(‘neh land ex- 
tends for some miles. Tin* surface of 
this bench is very clearly oru* of hori- 
zontal corrasion (see Fig. 2) ; and since 
tin* coast is here exposed to the full 
sweep of the Atlantic, then* can be little 
doubt but that it is a uave-cut terrace, 
the analogue of that now being rapidly 
cut at tin* base* of the present sea-t*lilfs 
There* are no deposits observable upon 
the abraded edges of tlie inclined strata 
at the bench level. Tlu're is no timber 
to obscure the view, and the t(‘rrace is 
covered with grassy vegidation. It 
ris(*s very gently inland, and in the dis- 
tance apfiears to have an altitude of 
p(*rhaps 1(10 m. In side view from the 
southeast ot‘ the cape no st(‘ps arc seen 
in the profile, and no w'(»ll-defiiied sea- 
cliff could be made out at the back of 
the terraci*, where it m(*i*ts the hills 


On tin* south side of the cape the terrace 
is diss(*cted by a few^ sliarji ravines 
wdiich bring the drainage to the shore. 
It seems certain that this portion of the 
Iberian peninsula has been uplifted, 
and that the m(*aMmi of tin* uplift is the 
height of the rear of the terrace above 
sea-lev(‘l, ignoring fluctuations of the 
latter The observation does not of 
course yi(*ld information as to the uni- 
formity of tin* uplift or its extent. 

The same physiographic evidence of 
uplift is ohser\al)h* on both si<les of the 
Strait of (libraltar, about 200 miles 
K S E of Fape St Vincent. On the 
Atlantu' exposure of tin* nortli side of 
tlie strait in the vicinity of Tarifa a 
broad t<‘rraee slojies iij) very g(»ntly 
from the lirink of the sea cliffs to the 
lulls, truncating incliiu'd strata. The 
jirofilc is shown in tin* sketch. Fig. 3. 

Similarly on the south side of the 
strait, in tlu* vicinity of Tangier, there 
IS a fine wav(‘-eiit t<*rraee extending for 
two or thr<‘(‘ miles along the (*oast at an 
altitude of h<‘tw(*eu oO to ()5 m The 
profile of this feature is well s(*en from 
Tangier from which the sk<^teh in Fig. 
4 was made 

From Tangier soutli to the jiiiietion 



FTCi. fi. THE MAJUTIME PLAIN 
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FIG. 7. SETT AT 

OiV TllK EDGE OF THE (’ENTRAL PlATEAU. 


at Petitjean the railway erosses a well- 
defined, broadly dissected plain which 
slopes up eastward from tlie coast to 
elevations of over 65 in. This plain 
truncates folded Tertiary strata and is 
veneercnl locally with fluviatile gravels. 
It is traversed by six considerable 
streams flowing west to the Atlantic, 
five of them draining the western end of 
the Rif and the largest, the Sebou, 
draining by one of its branches the 
south flank of the Rif and by the other 
the north end of the Moyen Atlas. 
These streams in their lower reaches not 
only dissect the upland, but have 
evolved broad flood-plains along their 
courses. It appears probable that both 
wave and stream were concerned in the 
planation so apparent in this upland. 
Its pres(*nt hypsometric position and its 
dissection prove the fact of uplift of at 
least 65 m. The full measure of uplift 
may be twice this. 

The Tertiary sandstones underlying 
the plain are well exposed on the coast 
at Rabat as shown in Pig. 5. Ilere the 
seaward dip of the strata is much 
steeper than the slope of the plain. A 
fine view of the plain in profile from 
Rabat ^ looking north across the river 


Bou Regreg is shown in the picture 
Fig. 6. There can be no doubt but that 
the surface shown here in profile trun- 
cates the strata of Fig. 5. The age of 
the strata is not known to the writer, 
but they arc probably pre-Pliocene. 

This stream dissected plain is the 
northern facies of the Maritime Plain 
which extends along the coast southwest 
of Rabat. The width of the Maritime 
Plain in the latitude of Petit jean is 75 
km; at Settat it is 50 km and at Safi 
25 km, beyond which it tapers out. It 
lies betw(»(»n the Central Plateau, which 
parallels the Atlas, and the Atlantic 
coast. 

The feature of chief interest in the 
Maritime Plain is the veneer of marine 
Pliocene deposits which, with various 
interruptions and discontinuities, ex- 
tends over its surface. The interrup- 
tions in the continuity of exposure of 
the Pliocene formations are due to; (1) 
High areas or inliers of tlie underlying 
basement from which the Pliocene beds 
have been remov(‘d by erosion, or upon 
which they were never deposited, as in 
the region between Rabat and the river 
Oum er Rbia; (2) Deltaic coverings of 
alluvium, as in the flood-plain of the 
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Sebou, and the ancient flood plain of a 
stream, now nearly defunct by capture, 
to the east of 8afi; (3) ancient and 
modern sand dunes along the coast. 

The inliers of the underlying base- 
ment consist chiefly of Paleozoic rocks 
\vith some ratlu‘r notable and extended 
outcrops of th(» mantle of Permo-Trias 
red beds, whicli once covered the stumps 
of the Ilercynian mountains througliout 
Morocco. Mesozoic marine rocks are 
generally absent from the basement 
upon which the Pliocene rests till we get 
as far south as Safi and as far west as 
Mazagan, at which points inliers of 
Cretaceous api)ear on the geological 
map. 

South of Casablanca the Maritime 
Plain extends inland to the vicinity of 
Settat, where it ends at the base of a 
well-defined but maturely degraded 
scarp, Avhieh must have been the sea- 
cliff of the Pliocene sea. This ancient 
sea-cliff is here the nortfiern limit of the 
Central Plateau, the drainage from 
which has indented the scarp with gul- 
lies and ravines. These do not, how- 
ever, extend very far back in to the 
plateau, and in their upper reaches the 
streams flow in shallow trenches on its 
surface. 

Near its outer edge, east of Settat 
(Fig. 7), the ('entral Plateau has an 
altitude of about 500 meters, and its 
precipitous front is about 200 meters 
high, rising abruptly from the plain. 


The Pliocene sea floor at the base of the 
ancient sea-cliff is thus about 300 
meter.s above sea-level and this is a fair 
measure of the local uplift in post- 
Tertiary time. The uplift was by no 
means uniform, however, and it prob- 
ably increases in amount toward the 
mountains, since Neltner'*^ states that the 
marine Pliocene occurs at elevations of 
.lOO meters. 

The uplift indicated by these elevated 
Plioe(‘ne deposits was not limited to the 
close of the Tertiary. It has been a 
gradual movement and is still in prog- 
ress. Ileyond the .southern limit of the 
Maritime Plain between Mogodor and 
Agadir, where the Grand Atlas extends 
to the <*oast, there are recent wave-cut 
terraces. At (^ape Guir, where the 
Cretaceous strata are steeply inclined, 
there is a terrace 200 to 300 m wide, 
which, at the base of its complementary 
sea-cliff, still undegraded, has an eleva- 
tion of about 50 meters. Above this 
there is a narrow terrace at about 65 
meters; and below there is another at 
about 25 meters. The jircsent sea-cliff 
is in active recession, and the mere ex- 
istence of these elevated strands on a 
bold coast, exposed to the rapid corra- 
sion of the open Atlantic, is ample proof 
of the n*cency of the uplift. 

Away above the terraces just referred 
to there is a much older one at about 

2 MS text of guide for geological excursion 


of 19:10. 



FIG. 8. PlfOFILK AT CAPE CTJIR 

SHOWING WAVE-CUT TERKACES. 
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380 meters truneatirig strata which dip 
south at angles of from 20® to 30®. 
This high terrace appears as a trench 
which has been cut in the seaward slope 
of a peneplain that extends over this 
end of the Atlas, and attains an altitude 
of over 700 m<»ters. A sketch of an 
east -west profile through Cape Guir 
showing these features is given in 
Pig. 8. 

In the valley of the Iguezoula north 
of Tamanar there is a fine display of 
wide stream terraces corresponding to 
the 50-meter murine terrace at Cape 
Guir. Below this is a narrow terrace at 
about 25 meters above the stream. 
Looking up this valley from a eorn- 
manding point the upper terrace is seen 
to be a very extensive, wide valley floor 
ending in a gap in the skyline profile of 
a high dominating peneplain. The 
stream has a sinuous course through the 
old valley land. Since the terrace was 
the functhmal valley floor uplift has 
caused its dissection, and the present 
narrow stream gorge proclaims in elo- 
quent terms its extreme youth. 

On the way from Mogodor to Safi the 
road parallels the coast about 15 km in- 
land. At about one third of the dis- 
tance it climbs to a flat divide on the 
surface of a peneplain, and then d(*- 
scends to the valley of the river Tensift. 
The peneplain truncates folded rocks 
and is maturely dissected in its higher 
parts. A large area of it to the west of 
the road overlooks the sea, and the short 
streams in their lower reaches flow in 
sharp gorges. The general elevation of 
the surface near the coast is about 
5(K) m Toward the south it rises to 
ov(*r 1,000 m and extends over the west- 
ern end of the Atlas. It is probably a 
warped surface. 

This upland, which may be conveni- 
ently called the Chiadma peneplain, is 
bounded on the north by the broad east- 
west valley of the Tensift, which drains 
the Grand Atlas south and east of Mar- 
rakech. On the north side of that val- 


ley the correlative of the Chiadma pene- 
plain is the Central Plateau to which 
reference has already been made. This 
is a steppe land, with a dry steppe 
climate, thinly populated and more 
adapted for grazing than for tillage, 
and so presents a striking contrast to 
the fertile, more humid Maritime Plain. 
It lies between the Maritime Plain and 
the Atlas, but is separated from the 
mountains in its southern part by ex- 
tended depressions at the base of the 
latter, in which are deployed the flood 
plains of the middle reaches of the Ten- 
sift and the Oum er Kbia. The Central 
Plateau extends northeast from the val- 
ley of the Tensift to the southern flanks 
of the Rif, where it is traversed by the 
Sebou River. In its northern part the 
distinction between the plateau and the 
Moyen Atlas is not easy since the sur- 
face of the forim'r slopes up toward the 
mountains and extends over their 
flanks. 

The rocks underlying the surface of 
the (Vntral Plateau vary greatly in 
different parts of it; but they fall into 
three groups: (1) The greatly disturbed 
and altered Paleozoic rocks that make 
up the stumps of the Hercynian moun- 
tains; (2) the little disturbed Mesozoic 
and Eocene strata that lie lu^arly flat on 
the post-IIercynian peneplain, unde- 
formed by the Alpine movement; (3) 
the Miocene deposits of the Mekn^s 
basin. The portioiLS of the plateau best 
known to the writer are those traversed 
by the road from C-asablanca to Marra- 
kech, the phosphate mining district 
around Kourigha, and the region be- 
tween Meknes and Taza. The higher 
parts of the plateau about the mines at 
Kourigha are occupied by an Eocene 
formation containing beds of phosphate 
of lime. These lie in nearly flat atti- 
tudes upon the Cretaceous formations, 
which in turn are seen at a number of 
places to rest upon the Permo-Trias, 
while the latter reposes upon the post- 
Hercynian peneplain. The Eocene of 
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Kourij'ha is a residual pat eh ot* a oiiee 
much more extensive and thicker forma- 
tion, A similar residual patch occupies 
much of the territory between Kehamna 
and Djebilef ; and there are others to 
tli(‘ south of the Tensift. The (h’cta- 
ceous is a lar^rer remnant. It once (*x- 
tended over much if not the whole of 
the areas in wdiich the Paleozoic rocks 
now^ appear at the surface* Th(‘se arenas 
are essentially the exhumed ])ost- 
Hercynian peneplain, althoujxh of 
course the old surface has been modified 
somewhat since the Mesozoic* cov(‘r Avas 
stripjied aw^ay. Three areas of the 
post-Hercynian peneplain diversify the 
(Vmtral Plateau. They occupy a larjre 
part of the districts known as Zaian in 
the latitude of Pa.sablanca, Hehanina 
soutli of the river Oum er Hbia and 
I)j(»bih*t north of tlie Tensift Tt is evi- 
d(‘nt from tlie n^lief of the Reliamna 
where it erner^res from below' the (Ceta- 
ceous that it was rather an uneven sur- 
face upon which the* Mesozoic rocks 
were deposited, since some of the hills of 
Paleozoic rocks rise w'(»ll above* the pres- 
ent surface of the Cretaceous. 

The removal of the j?reater part of 
the Eocene and the exhumation of the 


old predVrmian surface has produced a 
post-Al])ine p^'ueplain which in jiart 
happens to almost coincide with the 
po.st-llercynian one. The fact that this 
post-Alpine peneplain is so near the sea 
indicates that it was evolved close to the 
base-h*vel of land iTosion. Tlie incisivi* 
sharpness of the inner j^orj^e of the Oum 
er Rbia, wliich transects it, testifies to 
the recency of its uplift. The way in 
which the river traverses this hij^h in tier 
of old hard rocks, in the midst of the 
flat l.Mii**: residual (h-(‘taceous, testifies 
also to the fact that it is a superimposed 
stream, the course of whicli was deter- 
mined b\ the slope of the plateau when 
it was covered by hi}^h(*r Cretaceous or 
Eocene strata now removed. The u})- 
lift mu.st, however, have liad at least 
two stajres. At the time of the emer- 
frence < the Pliocene s<*a floor, or the 
Maritime* Plain, it was eh*vat<*d throuy:h 
a minimum of 300 m It is doubtless 
this stajrp which finds its expression in 
the sliarpness of the hmer stream 
^orjjr(*.s. But when the scarp at Settat 
was a functional sea-cliff, the plateau at 
its seaward marfrin alr(*ady had an alti- 
tude of 200 m. The j?eoloj?ieal date of 
this early .stajre of uplift was jirobably 
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FIG. 10. THE CITY OF FEZ 
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at the end of the Miocene, since the Mio- 
cene formations at the north end of the 
Central Plateau, in the Meknis basin, 
have no covering of marine Pliocene at 
the plateau level. 

At Petitjean the railway leaves tlie 
Maritime Plain at an altitude of about 
250 m and climbs south through the 
gorge of the river Rdom to the liigli 
plain on which MeknAs is situated. At 
Meknfes this surface has an altitude of 
about 500 m, but it rises very gently to 
the south through another 500 in, and 
then stops up 100 m by a degraded 
scarp to the limestone plateau of Beni 
Mguild (see Fig. 9). The latter in 
turn by steepening slopes grades into 
the sides of the Moyen Atlas. The 
rocks underlying the Meknes-Fez plain 
are partly soft marine Tertiary ImmIs 
and partly lake beds. The plain ex- 
tends eastward through the pass of 
Taza without important change of level 
to the valley of the Moulouya. It is a 
surface of erosion evolved at low levels, 
and now dissected by streams as a re- 
sult of uplift. Between Fez (Fig. 10) 
and Taza the most important route of 
travel in Morocco passes between the 
Rif and the Moyen Atlas through a 
broadly terraced valley, narrowing east- 
ward. Beyond Taza the country opens 
out upon a broad desert traversed by 
the terraced canyons of the Moulouya 
and its tributaries. The flat surface of 
the desert is an uplifted flood plain of 
the river, and to the south one gets dis- 
tant views of a still higher peneplain, as 
shown in Fig. 11, a picture of the coun- 
try looking southeast from the hotel at 
Taza. 

The Meknes basin including its exten- 
sion eastward through the pass of Taza, 
is superficially distinct from the rest of 
the Central Plateau by the difference in 
its underlying formations, and by the 
fact that a monadnock of the old Her- 
cynian peneplain in the Zaian seems to 
break the continuity of the plateau sur- 
face. But since it has the same general 


altitude as the country southeast of the 
monadnock, and is an erosional surface 
which acquired that altitude by uplift 
in the same way and at the same times 
as the Central Plateau, it may properly 
be regard(Ml morphologically as part of 
the latter. 

The physiographic evidence of post- 
Tertiary uplift is not confined to the 
northw(*st side of the Atlas. The up- 
lifted, dissected and terraced flood plain 
of the Moulouya not only extends north 
to the Mediterranean through the Tell, 
a region of small isolated mountains of 
folded Mesozoic strata, but up stream it 
extends through high plateaux into the 
acute reiuitrant between the Moyen 
Atlas and the north end of the Grand 
Atlas The plateaux of Jurassic and 
Cretaceous strata which enclose it slope 
up 1o the Moyen Atlas on one side and 
to the Grand Atlas on the other in 
a synclinal disposition. In this syn- 
cline the latest geological map^ shows a 
basin of Miocene formations at altitudes 
of over 1 ,000 m. This basin of soft 
Miocene beds, lying in a broad syncline 
of harder rocks, has determined the 
widening of the flood plain of the river 
above its constriction at the northeast 
end of the Moyen Atlas. 

Concerning the vast plateaux at alti- 
tudes of over 1,000 m, which lie on the 
coutimuital side of the Atlas, extending 
east into Algeria and south toward, if 
not into the Sahara, have but meager 
information. The high Plain of Tarnlelt, 
which at an altitude of nearly 2,000 m 
divides the drainage to the Mediter- 
ranean from that into the Saraha, ap- 
pears 1«> he a broad structural arch 
feebly folded and broken along its axis 
The axial region is shown on the geo- 
logical map to be occupied by Lias and 
Jiira.ssic formations, while the extensive 
nearly flat slopes to the north and to the 
south are Cretaceous. At the foot of the 

3 Scale, 1 : .3,500,000 iRsued liidthoiit date to 
participantB in the geological excursion of 
1930. 
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FIG. n. A VIEW SOUTHEAST FROM TAZA 

SHOWING A HIGH PKNK1»LAIN. 


norlliorri slopi* the Crotaeeous lies aj^aiii 
upon the Jurassic in the (lada Debdou^ 
wliieli presents an escarpment to the 
ancient flood plain of the Moulouya. 
The shallow Cretaceous syncliiu* thus 
located in the middle slope is the same 
as that in which the basin of Miocene 
lies in the upper Moulouya Tlie anti- 
clinal arch of Tamlelt servi^s to establish 
orofrenic continuity between the Grand 
Atlas and the ranges of southern Al- 
jlferia Since the foldill^^ however broad 
and <?entJe, which "ave rise to this eon- 
nectiiif? p:eanticlim» is pr(‘-Miocene in 
a^e, it may safely be iv^p^arded as a 
product of the Alpine movement. The 
surface of the plateau, wliich thus 
stretelies from Gada D(*bdou to Tamlelt 
and from the end of the (fraud Atlas 
into Alficeria, is a surface of erosion 
which truncat(*s indifferently the various 
formations of the Ijias, .Jurassic and Cre- 
taceous. It is therefore a very perfect 
peneplain wliieli has recently been up- 
lifted; since, beinj? so near the Mediter- 
ranean, it could not have been formed 
at the present altitude. Tt is now in tin* 
initial stages of dissection by vertical 
corrasion. Had the uplift been of an- 
cient dat(;, in a geological sense, the dis- 


section would have been far advanced; 
and the plateau, if it still retained its 
altitude, would do so only as an aggre- 
gate of buttes and mesas. 

The Anti Atlas is separated from the 
south end of the Grand Atlas by the 
valley of the river Sous (Fig. 12) 
and connected wdth it by the high but 
much degraded volcanic pile of Siroua 
about 200 km east of Agadir. Tt consists 
of folded Mesozoic strata resting uncon- 
formably upon more intensely deformed 
Paleozoic rocks, and appears to have had 
the same orogenic history as th(» Grand 
Atlas Gn the road betw^een Taroudant 
on the Sous River and Tgherm, a mili- 
tary and administrative post on the 
south side of the crest, excellent views 
are obtained of the rocks, the tectonic 
features and the geomorphy of the 
range*. The most notable feature ob- 
served, from the point of vi(*w' of the 
present discussion, is an extensive pene- 
plain, r(*mnants of wdiich extend w^ell 
over the Anti Atlas. The wdde-spread 
truncation of the folded Mesozoic strata 
is surjirisingly clear on the northern 
flank of tlie range, wdiere it is seen to 
slope down toward the valley of the 
Sous; and it appears that the dislocation 
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of this peneplain by faulting along the 
southern Hank of the (Irand Atlas is the 
most probable origin of the valley of the 
Sous. The attitude of the peneplain on 
the soutli flank of the Anti Atlas is un- 
known, but it seems probable that this 
interesting feature areht»s over th(‘ range 
aiid slopes down to the Sahara. 

From the foregoing observations we 
may eonelude that the Anti Atlas of 
()ligo(*ene time was ri'dueed by the pro- 
longed erosion of the later Tertiary to 
a surfaee of low relief, W'hieh traversed 
indifferently both its Alpine and its 
Ilereynian struetures, and that the 
range as W(» know it to-day is the result 
of th(‘ uplift of that surfaee, probably 
in the form of an areh, and the seulp- 
ture by erosion of the uplifted mass. 

In general the various plateaux which 
surround the Atlas Mountains, and in 
part extend over them, are remnants of 
an extensive i^eneplain of post-Alpine 


origin whieli has been uplifted by arch- 
ing, and in iiart dislocati^d by faulting, 
in late Tertiary and Quaternary time. 
The maximum uidift of these plateaux is 
at the margin of the mountains or, in 
the ease of the Anti Atlas, along the axis 
of the rang(‘. In the Moyen Atlas they 
extend well up on the flanks of the range 
to lev(*ls above W'hich they have been 
obliterated by erosion; in the Grand 
Atlas the projection of tlndr surfaces 
abuts upon the very steep mountain 
fronts, where large faults dominate the 
geomor])hie features. The most notable 
of these marginal fault zones is that 
wiii(*h limits the Grand Atlas along the 
front overlooking the llaouz of Marra- 
k(‘ch, a structural trough formed by the 
sinking of a broad belt of the Central 
14ateau along the northern bord(»r of 
the range. Here the mountains rise 
abruptly from the lowland of the Haouz 
in what appears from a distance to be a 



FIG. 12. THE BIVER SOUS 

BETWKKN THE GKAND AtLAS AND THE ANTI AtLAS. 
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great wall as shown in the pietures, Figs. 
13 and 14. The elfeet is not unlike that 
of the eastern front of the Si(»rra Nevada 
of California, and geologists are agreed 
that it is due to a great dislocation of 
the earth’s crust. Just within the 
mountain front on the road from Mar- 
rakech to Azni several minor faults of 
the zone may be seen at close quarters. 
They are stecq) normal faults with down- 
throw to the north, and the drag in the 
thinly stratified rocks is w(41 displayed 
on the side of the canyon. 

The Haouz is filled with fluviatile 
detritus (see Fig. 15), the depth of 
wliicli is not apparent, and tin* surface 
of the fill is now the flood plain of 
the Tensift and its numerous torren- 
tial tributaries. A similar depression, 
known as the Tadla, lies at the base of 
the south end of the Moyen Atlas, and 
although the mountain slope is here 
much more subdued, a zone of faulting 
is mapped by GentiF at the bas(* of the 
range northeast of Kenifra, which sug- 
gests that the front of the Moyen Atlas 
may also be defined by a fault, analogous 
to that of the Grand Atlas. Gentirs 
fault zone if prolonged would not only 
drop the south border of the Central 
Plateau against the Moyen Atlas, but 
would serve also as the southern boun- 
dary of the depression to the north of 
the Djebilet, which is the westward 
extension of the Tadla. That the com- 
bined depression of the Haoiiz and 
Tadla is structurally double appears 
from the fact that the continuity of the 
two is offset to correspond with the 
reentrant between the south end of the 
Moyen Atlas and the Grand Atlas. 

The peneplain of the Central Plateau 
once extended to the present front of 
the Atlas across the existing troughs of 
the Haouz and the Tadla before the 
depression was inaugurated (see Fig. 
16), just as it still does on the south 
side of the Tensift near the coast, and 

** Cart© g^ologique provisoire dii Maroc, 1920. 


north of the Tadla. The projection of 
its surface over those depressions would 
intersect the steep profile of the Atlas at 
an altitude of about 1,200 m. Before the 
uplift of the peneplain we may suppose 
that in late Tertiary time the Atlas of 
Alpine origin had been reduced to a 
residual hill range of past-mature slopes, 
having an altitude of perhaps 600 in. 
Tlu* effect of the uplift of the region in 
a great arch, affecting both pcmeplain 
and hills, would be to eh;vate the latter 
through about 1,400 m, giving them an 
altitude of about 2,000 m and subjecting 
them to vigorous vertical corrasion. 

It is convenient in analysis to think 
of the general arching of the region as 
having preceded the more local and in- 
tensive upthrust to which the present 
configuration of the Atlas is primarily 
due. But, as will appear in the scqu(*l, 
the arching may have been synchronous 
with the orogenic upthrust, and indeed 
due to it. However that may be, it is 
clear that the two movements, general 
or epeirogenic arching and local or 
orogenic upthrust, were involv(*d in the 
rc'juvenation of tin; range. From the 
preceding cycle, in which the Alpine 
Atlas was reduced to residual hills, it is 
certain that the new range would have 
inherited a shear stress on both flanks. 
As a relief from this stress marginal 
faults had long since been developed 
and it was between these that the up- 
thrust, due to orogenic forces of com- 
pression, was localized. The rapid deg- 
radation of the upthrust mass and its 
consequent loss of load, would induce a 
still farther rise of the range, and this 
rise is still going on It is this supple- 
mentary rise due to isostatic adjustment, 
which, by causing a withdrawal of heavy 
rock in depths from the flanking regions, 
explains the origin of such depressions 
as the Haouz of Marrakech, the Tadla 
and the Sous. The evidence of the latest 
phase of this movement consists of a 
system of stream terraces which are ob- 
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I-’IG. U. THK GRAND ATLAS 

LOOKING OVER THE CITY 0»’ MAKKAKKCH. 



PIG. 15. THE ALLUVIAL PLAIN 
OP THE Haou* op Marrakech. 
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Al’ROss THE Maritime Plain, the (-entral JM.atkau, the Tadla, and the Atlas. 


servable in many of the great canyons 
at altitudes of from 65 m to 85 m above 
the streams, and in terraces at the front 
of the rang(» which appear to be uplifted 
portions of the flood plains of the 
streams now dissecting them, as exem- 
plified at the moutli of the canyon fol- 
lowed by the road from ]\Iarrakech to 
Azni (Fig. 17). 

Tin* doctrine of isostasy in its extreme 
form teaches that the Atlas is the top 
of a column of the earth’s crust which 
is in balance with other neighboring 
columns tin* tops of which are much 
nearer sea-level or, ind(*(‘d, b(*lo\v it. 
The areal limits within wliicli the prin- 
ciple of isostasy applies is, however, as 
yet uncertain owing to the fact that the 
rigidity of the crust interferes \vith its 
operation, the in(‘asure of that rigidity 
being unknown. It is d(*sirable, how- 
ever, in any discussion of the genesis of 
a great mountain range to at least con- 
sider the possible role play(*d by isostasy 
in its historical development and in its 
reduction under erosion. The remark- 
able depressions of the Haouz and Tadla 
on the north side of the (Jrand Atlas, 
and that of the valley of the Sous on tlie 


south sid(‘, are suggestivi* of a transfer 
of mass in depth from the sides of the 
range to its base, to compensate for its 
loss of load by erosion ; and a brief dis- 
cussion of this possibility may be of 
interest. For the sak(‘ of clearness in 
treatment I shall assume the validity of 
isostasy ns applied to the Atlas and pre- 
sent tin* considerations involved rather 
dogmat ically. 

I shall begin by stating again that 
the Atlas as we know it to-day is due 
to the operation of a late Tertiary or 
])ost-T(*rtiary collapse of tlie earth’s 
m*ust under (excessive compressive stress. 
This stress was not isostatic, but the 
concmitration of mass which gave rise 
to the range proceeded under the con- 
trol of isostasy. That is to say, while 
the crowding together of the rocks of 
the sial tmided to disturb the balance, 
that tendency was never very effective 
(ming to the fact that the upthrust, due 
to horizontal compression, was compon- 
sat(‘d by a much larger downthrust into 
the sima below the growing range. In 
this way the range maintained its buoy- 
anev, and the total mass of the column 
from the summit, at all stages of its 



FIG. 17. STKEAM TERRA(^E 

AT THE FRONT OF THE GRAND ATLAS ON THE ROAD FROM MARRAKECH TO AZNI. 
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genesis, down to the zone of compensa- 
tion remained constant and in balance 
with neighboring columns not directly 
affected by the collapse. If the sial be 
supposed to be 20 km thick from sea- 
level down, with a mean specific gravity 
of 2.7, and to rest upon a layer of sima 
20 km thick with a specific gravity of 3, 
then for every kilometer of upthrust 
there would be 9 kilometers of down- 
thrust into the sima. The mountains 
are thus a prism of sial floating in sima, 
just as ice floats in w^ater, except for the 
great difference in viscosity. If the 
orogenic upthrust had been say 1 km in 
the Grand Atlas, then the downthrust 
of the same light rocks into the sima 
would have been 9 km. If the width 
of the Atlas be taken at 50 km, then a 
prism of sima 50 x 9 km in cross-section 
was displaced by this downthrust The 
greater part of this prism, distributed 
by rock flow into the adjoining regions, 
would have caused an uplift or flat arch- 
ing of the earth ^s crust. If such an arch 
had a maximum uplift of 1 km at the 
mountains it would have extended out 
on either side of them for a distance of 
400 km, there tapering out to nothing 
This redistribution of sima from below 
the Atlas, at tin* time of the upthrust 
about the end of the Tertiary, may well 
hav(* been the cause of the arching of 
the peneplain surrounding the residual 
Alpine Atlas In the discussion that 
arching was separated for convenience 
from the upthrust but the two move- 
ments may have been intimately con- 
nected genetically. The added load due 
to the redistribution of the displaced 
sima ^^ould of course have tended to 
disturb the balance of the earth as a 
whole, and would have necessitated an 
isostatic adjustment of the entire 
spheroid. 

As the upthrust proceeded the Atlas 
would loose load by erosion, but we may 
consider the effect of this erosion more 
conveniently by thinking of the orogenic 


upthrust having been completed before 
erosion began its work of degradation. 
The upthrust was effectively a disloca- 
tion of the residual hills of the Alpine 
Atlas from the adjoining peneplain and 
a rejuvenation of the old worn-down 
mountains. If we reduce the hills, as 
they may be pictured after arching and 
before upthrust, to a uniformly level 
surface, they would have had an alti- 
tude of about 1,600 m. Let p be the 
amount of vertical upthrust, then 

l, 600 + 2 ) would be the value for the 
effective height of the Atlas b(»fore 
erosion, or the height at which the 
range would now staml if there had 
been no degradation. The m(»an crest 
line of the Atlas to-day is about 3,800 

m, and the mean stream level is about 
1,000 m above sea-level. Since the 
canyons are V-shaped and the crests 
are generally sharp, due to intersection 


of canyon walls, 


1 , 


000 


- 2,400 m is the height of a level topped 
prism ecpial to the present mass of the 
Atlas above sea-level. The loss of 
height as a result of erosion of the up- 
thrust column is thus 1,600 ^ p - 2,400 or 
}) - 800 m But ther(‘ is a simj)le relation 
between the loss of height and tlu^ thick- 
ness of the effective prism i*emoved. 
For every 1 removed th(*re is a rise of 
the column of 2.7/3 or 9/10 and a loss 
of h(»ight of 1/10. Therefore the effec- 
tive prism removed is 10(p-800) m. 
In the case of the Atlas there are no 
observaticmal data from which the value* 
of p may be derived. But it may be 
of interest to examine the consequences 
of an assumed value. Suppose, for ex- 
ami)le, that p were 1,000 m. Then the 
lo.ss of height p-800 would be 200 m, 
and the rise of the column, 9(/)-800), 
would be 1,800 m. The rise* of the 
column is effected by an infloAV of sima 
from the adjoining regions to the bot- 
tom of the column. The prism of sima 
thus inserted is 1,800 m thick. Half 
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of this came from under the Haouz 
and half from the south side of the 
Atlas. Considering the Haouz of the 
same width as the Atlas a prism effe(*- 
tively 900 meters thick for that width 
Avas withdraAVii from under it. But the 
])rism was probably wedge-shaped in 
cross-section, tapering out to nothing on 
the far side of the Haouz. At the 
border of the mountain coluniii there- 
fore it had a tliickmvss of 1,800 m The 
downtliroAA’ of the peneplain to form the 
depression of the Haouz was tlius 1,800 
m, and the alluvial deposit Avhicli occu- 
pies the depression has a thickness of 
1,200 meters near the mountains A\diere 
its top is (iOO in above sea-le\'el. 

But small changes in tin* assumed 
A^alue of the erogenic u[)lhrust make 
large differences in these results. Thus 
if Ave make p - 900 m instead of 1,000 m, 
then th(» loss of height for the effective 
level-topped prism becomes 100 m, the 
effective prism remoA^(*d 1,000 ni, the rise 
of the column 900 m, the downthroAv on 
the north side of the mountains 900 m 
and the thickness of the alluvium on 
the south side of the Haouz 300 m 

OAving to the uncertainty of the as- 
sumptions made the figures have little 
value except that they illuminate the 
geological implications of the doctrim* 
of isostasy as applied to great moun- 
tain ranges. If the tliickness of the 
alluvium in the Haouz Avere known as 
the result of boring operations near the 
border of the mountains the A^due of p 
would also be determined. Similarly, if 
a geomorphologist should some day dis- 
cover on the crest of the Grand Atlas 
remnants of the uplifted Avorn-doAMi 


surface of the residual Alpine Atlas, 
corresponding to the remnants of the 
peneplain so apparent on the summits 
of the Anti Atlas, then the A7iiue of p 
Avould be 940 m, the rise* of the column 
under erosion AAwld be 1,2G0 m and the 
thickness of the alluvium on the south 
side of the Haouz 660 m. 

Summary 

The Hercynian mountains, extending 
()V(*r a very much larger region than the 
Atlas, Avere reduced to a peiu'plain upon 
which Avere spread the continental fan- 
glomerates, red beds, etc., of the Permo- 
Trias In a geosynclinal depression of 
this ATiieered peneplain there were de- 
posited great thicknesses of laassic, 
Jurassic, Cretaceous and Eocene marine 
formations. At the time of tin* Alpine 
lleA^olution, about the end of the Eocime, 
the collapse of this geosyncline by com- 
pressiAT stress gave rise to th(‘ Alpine 
Atlas. By the end of the Tertiary the 
latter had been r(‘duced to a past-mature 
hill range and the surrounding country 
to a peneplain. The rejuvenation of this 
lull land into the present Atlas is due to 
tANO distinct movements. A broad arch- 
ing in at h*Hst two stages Avhich lifted 
the jieneplain near the mountains to 
about 1,200 m above sea-lcA^l ; and a 
sharp orogenic upthrust, between mar- 
ginal faults inherited from the preceding 
cycle The degradation of the upthrust 
mass and conseepumt loss of load induced 
fartlu'r rise by isostatic adjustment. 
The de])r(*ssions flanking the range are 
exyilained as due to AAutlidrawal of mate- 
rial in de]»th to compensate the range for 
its loss of load. 
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ON THE TRAIL OF VAN LEEUWENHOEK 

By Dr. JOHN BETHUNE STEIN 

DEPARTMENT OF PJI YHIOIAXJY, NEW YORK UNIVERSITY, COLLEOK OK DENTISTRY 


The father of microscopy, Antony 
van Loonwenhoek, the son of Philip van 
Loenweiihoek and Mar^arotha Bel van 
den Bergh, born at DcU‘t, October 24, 
1632, was a pioneer in biology, and 
tliroiigli him new sciences saw tlie day. 
Van liocuwenhoek was descended from 
a family of brewers. His father Jiaving 
died during liis childhood, he w'as sent 
by his mother to the village school at 
Warmond, w'here he obtained his early 
education. Later he went to Ibmtlniizen 
wdtb the intention of preparing for a 
position in the municipal government of 
that city, his uncle being the secretary 
of the administration. At sixteen he 
was apprenticed to a draper at Amster- 
dam, whose cashier and bookkeeper In* 
soon became, and here it was he l(‘arned 
to use the magnifying glass which dra- 
pers then employed for counting the 
threads in their goods. It is highly 
})robablo that this led him to study 
optical instruments and to make the 
microscopes and the great discoveries 
which made him famous. After spend- 
ing some years in the drapery business 
he r(*turned to Delft and married Bar- 
bara de Mey, on July 26, 16o4. PMve 
children were the result of this union; a 
daught(*r, Maria, survived him. His 
wife died twelve years after this mar- 
riage. Ilis second wife was Cornelia 
Swalrniiis. The issue of this marriage 
was a girl who died early in life. At 
Delft he became ‘HCamerbewaarder der 
Kanier van Ileeren Schepenen van 
Delft,'' a position neither ardouous nor 
exacting, which he held for thirty-nine 
years and which enabled him to devote a 
great part of his time to work of his 
own selection.' 

1 P. J. Haaxman, “De Ontdcker der Infuso- 
rien,“ y. C. van Doesburgh, Leiden, 187r>. 


Van Le(‘u wen hock’s Jiouse still exists 
at Delft, sa 3 ^s Haaxman. It is No. 455, 
on the corner of Boterst(‘eg and Oude 
Delft, Wijk 4. The facade is clianged, 
but the side and rear of the house remain 
unaltered.^ 

“In the year 1673," Quekett tells us, 
“tlM‘ nauK* of the immortal Van Leeu- 
wenhoek first appears in the Philosophi- 
cal Transact litas of this country [En- 
gland], as a discoverer of numerous 
wonders by th(‘ aid of tlu‘ microscope; 
his instruments, which were composed 
of single hmses, are said to have been 
superior to ail that had been previously 
mad(» 

Van Lemnv(‘idioek constructed his 
microscopes and l(*nses, and assiTted the 
latter must be of exceptionally fine rock 
crystal. The (*ssi*ntials in which his 
microscopes surpassed all olliers were in 
his knowl(‘dge of grinding, polishing 
and mounting the lenses, so that no one 
could comj)('t(* with him Ills micro- 
scopes were nu'chanically rough and 
were made especially for the examina- 
tion of one, two or three objects. Most 
of his lens(‘s had a ([uarler-inch focus 
and wen* mounted betw(‘en two thin 
plates eitluT of copper or silver-bronze 
or silver or gold. The magnifying 
powMT of his microscope's varied appar- 
ently betw’(M*n forty and two hundn'd 
and seventy diameters. Tlu' museum at 
Threch* contnins, says ITarting, a micro- 
scope made by Van Leeuwenhoek which 
inagnifK'S two luindred and seventy 
dianu'ters. This instrument magnifies 
more than did any of the twenty-six 
microscopies bequeathed by Van Leeu- 
wenhoek to the Uoyal Socitdy of England 
wdiich were carried to Loudon by Martin 

2 J. Quekett, “Prnctiral Trcfttiso on Uio Use 
of the Microscope,’* II. nailUero, London, 1856. 
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no. 2. FRONT vjp:ws of three microscopes 

MADE BY Van Leeuwenhoek, which are exhibited at the Rijks Museum van Oudeitkdkn 
AT Leyden, Holland. The photooraphs show the exact size of the microscopes. 


Pol Ups, a prosidont of the society, and 
wliicli liav(‘ mysteriously disappeared. 
According to Baker, who examined these 
microscopes, the higliest magnifying 
power uas one luaidred and sixty diam- 
eters and the low(»st forty.’ 

Henry Baker (1602-1774) was an 
Englisli naturalist, an authority on 
microscopes, the author of ‘‘The Micro- 
scope Made Easy’’ and “Employment 
for the Microscope,’^ a member of the 
Royal Society of England and the recip- 
ient of the Copley gold medal of this 
society for “Microscopical Observations 
on the Crystallization of Saline Par- 
ticles.” Baker had these twenty-six 
microscopes in his care for three years 
and says they were very serviceable. A 
description of the microscopes made by 
Van Leeuwenhoek was written by Baker 

3 P. E. Launoifl, **TjCs Pdrea do la Biologie,'’ 
C. Maud, Paris, 1904. 

^W. B. Carpenter, '^The Microscope and its 
Revelations,” J. and A. Churchill, London, 
1891. 

B Darembcrg, C. * ' Histoire dca Sciences, 
M^»dicales,” J. B. Baillit^re ot Fils, Paris, 1870. 


in 1740, and was published in the Philo- 
sophical Transactions of the Royal So- 
ciety of England of that year. Baker 
says : 

All the parts of these microscopes are of 
silver, and fashioned by Mr. Leeuwenhoek ’s own 
liand, and the glasses, which are excellent, wore 
all ground and set by liimself, each instrument 
being devoted to one or two objects only, and 
could be applied to nothing else. This method 
induced him to make a microscope with a glass 
adapted to almost oveiy object, till he had got 
some hundreds of them.2 

The three photographs (Pigs. 2, 3 and 
4) form the nucleus of my paper. They 
show several views of three microscopes 
constructed by Van Leeuwenhoek. These 
microscopes are exhibited at the Rijks 
Museum van Oudheden at Leyden, Hol- 
land. I am greatly indebted to Dr. A. E. 
J. Holwerda, the director of the Rijks 
Museum van Oudheden, for his interest 
and great care in obtaining these photo- 
graphs for me. 

Dr. Holwerda has written me that 
microscopes invented by Van Leeuwen- 
hoek are in the possession of Mr. P. A. 
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Haaximai, a resident of The Hague, 2 
Schiiystraat, No. 114. Only two other 
microscopes made by Van Leeuwenhoek 
still exist, to my knowledge -one is at 
Gouda and the other at Utrecht. 

My description of the photographs 
seen in Figs. 2, 3 and 4 is substantially 
the same as that given by Baker of his 
drawings in 1740.'* Front views are seen 
in Fig. 2; rear views in Fig. 3, and 
obliqiKJ and side views in Fig. 4, all 
being the exact size of the instruments. 
Two plates are riveted (best seen in Fig. 
4 at right). Between these plates a 
small biconvex lens is let into the socket, 
and a hole drilled in each plate for the 
eye to look through the lens. A limb 
of metal bent at right angles is fastened 
to the plates by a screw (Fig. 2). 
Through this bent limb of metal a long 
fine-threaded screw (Figs. 3 and 4) runs 
which turns in and raises or lowers the 
stage whereon is fastened a j)in for the 
object to be attached to. This pin can be 
turned about by a little handle (best 
seen in the photographs l(‘ft and right of 


Fig. 3 and the left in Fig. 4). The 
stage itself is adjusted to or from the 
lens by another larger screw tvhich 
passes through the stage in a horizontal 
position, and when the screw is turned, 
the stage is forced from (at left in Fig. 
4) or brought nearer to (at right in 
Fig. 4) the lens. If the object to be 
examined was solid it was placed upon 
the end of the pin, but if fluid it was 
placed upon a thin glass or mica plate 
and fastened to the object holder by wax 
or glue. 

Figs. 5 and 6 (from Baker) show the 
front and rear views respectively of a 
silver-bronze microscope made by Van 
Leeuwenhoek. This microscope had two 
lenses (c-c), so that similar or dissimilar 
objects might be examined by him in 
sequence and thus be readily compared. 

Carpenter says of the microscopes 
made by Van Leeuwenhoek that noth- 
ing was known of his instruments except 
that they were simple microscopes even 
down to so late as 1709.^’^ ‘Hs it not 
strange,'' says Karting, “that tin* dis- 



FIG. 3. HEAR VIEWS OF THE SAME 

A SMALL INSTttUMKNT IS SEEN AT THE RIGHT. 
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FIG. 4. OBLIQUK AND SIDK VIEWS 


covory ol an instrument so iiiliorently 
necessary for the investigation of an 
entirely new world should attract so lit- 
tle attention that for years its existence 
was but little known outside of the W7ills 
of the house of its inventor?’’^ 

Van L(*euwenhoek had several stand- 
ards for measuring objects with the 
microscope, one being a grain of sand 
which measured arbitrarily, according 
to him, one thirtieth of the thickness of 
a thumb. He sometimes compared the 
size of an object either to that of a millet 
seed or a grain of wheat or to the thick- 
ness of a hair of the head or beard 
After he had discovered the erythrocyte 
of man ho took its diameter as his stand- 
ard of measurement."^ 

On August IT), 1673, while examining 
his blood, Van Lc^euwenhoek found it 
consisted of a transparent fluid in which 
little solid bodies were suspended. These 
bodies he called globules, and he noted 
that the color of the blood depended 
upon them. This discovery was trans- 
mitted to the Royal Society on April 24, 
1674. Later he found that these globules 
were disk-shaped, and he called them 


blood disks (bloedschijfjes) . One hun- 
dred mammalian blood disks in a row, 
according to him, w^ere eipial to the 
diameter of a grain of sand or one thir- 
tieth the width of a thumb, and one disk 
was eipial to two thousandth of tin* width 
of a thumb.’ lie examined the blood of 
the ox, sheep and rabbit, and of fishes, 
birds and reptiles. He called the mam- 
malian erythrocytes globules because 
when he first saw them he thouglit they 
w ere spherical. He designated the eryth- 
rocytes of birds, reptiles and fishes 
particles because of their flattened oval 
appearance. His drawings attest that he 
distinguished a nucleus in each particle. 
He described the distortion and compres- 
sion of the erythrocytes as they pass 
through the capillaries, noticed that 
upon the addition of water the erythro- 
cytes changed their shape and saw that 
the area at the center of the mammalian 
erythrocyte was lighter in color.'' 

He was not the first to discover the 
erythrocyte. Kirscher in 1650 had writ- 
ten of having seen little bodies, which he 
described as little worms, in the blood of 
patients suffering from fever. Swam- 
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merdam saw the frog’s erythrocyte* in 
1658, but did not publish his discovery. 
Malpighi in 1661 saw the hedgeliog’s 
erythrocytes but mistook them for fat 
globules. 

In a letter to L. van Velthuyzen, ]\Iay 
11, 1679, Van Leeuwenhoek complained 
of the little help he obtained from his 
scientific colleagues in Delft. ‘‘I liave 
now and then made known that 1 was 
anxious to examine the blood of .sick jier- 
sons, but 1 have never been able to obtain 
any such blood, tlierefore I havi* made 
no further examination of the blood 

Van Leeuwenhoek recognized the 
canals in bone, afterwards call(*d Haver- 
sian canals, and the bone cells in their 
lacunae; he notified the Royal Society 
in 1674 that bone consisted of little balls, 
“bolletjes”; but in 1678 he changed Ins 
opinion. He then said the little balls 
were tin* ends of ‘‘little tubes” and that 


drie<i bone consisted of difl’erent kinds 
of tubes. ^ 

He was very sensitive of any distrust 
concerning his discoveries and in a letter 
to the Royal Society said • 

Whenever 1 am in doubt or (|uestioi\ what I 
Koe T Ray ho. Many van not understand niy 
writings and frankly say they do not believe 
me. I console myself because I try to d.Hcover 
facts only. As soon as I find that I have made 
a mistake I am always willing to ri'cognizo it.^ 

In 1674 when Van L(M‘uwenlioek was 
forty-oiK* years old, the anatomist 
Reini(*r de (Iraaf (1641 78), appreciat- 
ing the value of Van Lc<*iiwenho(*k’s dis- 
coveri(*s, which W(‘r(» knoun only to a 
small circle, entreated him to write of 
some. This Van Leenwenlioek did, and 
Ids tliesis entitled ‘‘ A Specimen of Some 
Observations Mad<‘ by a M icros(*()])e Con- 
trived by Mr. Van Leeuw(‘nlioek, Con- 
e(»rning Mould upon the Skin, Flesh, 




FIG. 5. FKONT VTKW OF A SILVEU- BltOXZK MJ(M{OS(T)PH 
made i»y Van Lekaiwenhoek. LrerEE iiodrs were driiaed thuouou tiik ci.a’iks at r-e, tiik 

PLATES HOLLOWED OUT AT THESE SPOTS AND BICONVEX LENSES PLAC’I'D IN THE llOIiLOWS .AND THE 

PLATES RIXETED. 


FIG. 6. RKAR VIFAV OF FIG 5 

The OBJEC TS roR examination were fastened on the pins t-t which couldbk turned nv the 

HANDLES l-k. Two OBJECTS COULD BE BROUOHT INTO PROPER POSITION BEFORE THE LENSES C-V 
BY THE SCREWS -l\ SIMILAR OR DISSIMILAR OBJECTS COULD BE EXAMINED IN SEQUENCE 

BY Van Leeuwenhoek. 
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FIG. 7. THE MEDAE PRESENTED VAN LEEUW KNIIOEK 
UY THE Royal Society in 1679, when he bf.came a aiemher op this society. Left: A aie- 

DALLION OF VaN LkEUWENIIOLK IS SEEN. RiOHT: ILLUSTRATIONS OP A PLANT, A BEE HIVE AND 

THE City op Delft, vaith a quotation prom Veroil 


otc, , the Sting of a Bee, etc.’’ was read 
by De Graaf at the meeting of the Royal 
Society of England on May 19, 1675.^ 
Eor nearly fifty years tliereafter Van 
Leeuwenhoi'k eontinned transmitting to 
the Royal Society accounts of his discov- 
eries, oft(»n accompanied with illustra- 
tions. lie sent one hundred and ten 
communications to this society and 
twenty-seven to the French Academy of 
Sciences. As he had no knowledge of 
any language except his own he wrote in 
Dutcli and had his writings translated 
into Latin. 

Van Ijeeuwenhoek was the first to see 
living micro-organisms. In fact he is 
regarded as the discoverer of both bac- 
teria and infusoria. lie announced to 
the Royal Society (October 9, 1076) that 
he had discovered what he called ani- 
malcules (zeer kleine dierkens), in rain, 
snow, well and other waters, also in 
water in which pepper or ginger had 
been soaked. In a letter to Constantin 
Huygens, dated November 7, 1676, he 
says that about the middle of September, 
1675, he had discovered animalcules in 
rain-water which had stood in a barrel 
for several days, and that they were ten 


thousand times smaller than the animal- 
cules soon by Swammerdam and named 
by him water-fleas or water-lice. “We 
can easily conceive, “ says he, “that in 
all rain-wat(*r which is collected from 
gutters in cisterns, and in all waters ex- 
posed to the air, animalcules can be 
found ; for they may be carried thither 
by the particles of dust blown about by 
the winds. lie declared that after boil- 
ing and hermetically sealing the water 
in a vessel the animalcules could not be 
found. ^ 

The report of this discover}^ of animal- 
cules by Van Leeuwenhoek in 1676 cre- 
ated such a sensation tliat the Royal 
Society of England held several meetings 
during 1677 for the special purpose of 
confirming his claim. His discoveries 
had met with much opposition, especially 
that of animalcules in rain and other 
waters. He was considered illiterate, 
and for this reason his ability to dis- 
cover anything worthy was regarded as 
unpromising. 

The Royal Society on April 5, 1677, 
requested Neheiniah Grew to make ex- 
periments having as their aim the con- 
firmation of the claim of Van Leeuwen- 
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lioek to the discovery of the animalcules 
in rain-water and pepper- water, and to 
r<*port his findings to the society. On 
0(*tober 15, 1677, the Royal Society 
asked Robert Ilooke to make investiga- 
tions similar to those being conducted 
by Grew. Ilooke and Grew having tried 
and been unable to see these animalcules 
wdth their microscopes, the Royal So- 
ciety advised them to have microscopes 
constructed with a greater magnifying 
power and employ them in searching for 
the animalcules. However, Ilooke made 
glass tubes of various sizes, ‘‘some not 
thicker than ten times that of a hair from 
the human head,” and in these tubes he 
placed the suspected water. lie im- 
agined that these tub(‘S would increase 
the magnifying powTr of the microscopes 
used by him and Grew and thus enable 
them to see the animalcules on that side 
of the glass tubing which was most dis- 
tant from the lens of their microscopes. 
Hooke and Grew rejiorted again to the 
Royal Society, November 1, 1677, their 
inability to find the organisms, where- 
upon they were again advised to prepare 
pepper-water, to have better microscopes 
made and to examine the pepper-w^der 
Avith them.^ 

Having heard of the many discussions 
at the several meetings of the Royal So- 
ciety relative to his discoveries and of the 
doubt in the minds of some regarding the 
A^alidity of his claims, Van Leeuwenhoek 

furnished witnesses who had seen wdiat he had 
soon: tA\o clergymen, one notary and eight 
otlier trustworthy persons who had seen the 
nnimalcules moving in pepper-water. One 
group of witnesses said there were ton thousand 
animalcules in a single drop; another edanned 
there wore thirty thousand, and still another 
asserted there were forty-live thousand. The 
size of the drop was that of a grain of wheat,' 

At a meeting of the Royal Society held 
a week later, November 8, 1677, Hooke 
reported that notwithstanding he and 
Grew had soaked pepper berries in water 
for two or three days and had examined 
this water with a more powerful micro- 
scope they could find no animalcules. 
Mr. Henshaw, vice-president of the 


Royal 8o(*iety, who never doubted the 
claims made by Van Leeuwenhoek, said 
that “tiossihly as it was winter, it was 
not the right time to see these animal- 
cules,^' and he added that he had an 
acquaintance who had been in Holland 
the previous summer who said Van Leen- 
wenhoek liad demonstrated llicai to him. 
Despite Mr. Henshaw 's statement Dr 
Wistlcr replied “that these imaginary 
beings were indeed nothing else than lit- 
tle grams of pepper floating in the water 
and not animalcules.” Wistlcr 's de- 
claration was strongly opposed by Dr. 
Mapletoft, who affirmed that Van Leeu- 
wenhoek had assured him that he had 
seen the animalcules alive as well as dead 
and that he had seen them dead in the 
pepper infusion soon after he had added 
vinegar. Ilooke sided with Wistler in 
this dispute, and stated that he could 
find nothing but pepper in the pepper- 
WMter. Finally it was decided that 
Ilooke procure a more powerful micro- 
scope, s(‘arch for the animalcules and 
report at their next meeting.^ 

At the next meeting of the Royal So- 
ciety held one week later (November 15, 
1677), Ilooke reported that after making 
pepper-water, with clear rain-water and 
a small quantity of pepper berri(;s and 
alloAving this mixture to stand nine or 
fen days, he could see a great number of 
animalcules sAvimming back and forth, 
each having the shape of an egg or a 
clear bubble. According to his caleulation 
each animaleule was one hundred thou- 
sand times smaller than a mite. At this 
meeting, Ilooke having demonstrated tlie 
animalcules to the satisfaction of every 
one, it as resolved that the truth of Van 
LeeuAA^enhoek 's discovery be recorded, 
and that tlie names of all those who had 
Avitnessed the demonstration be like Aviso 
recorded.’ Sir Christopher Wrenn Avas 
present at this demonstration. It was 
in the early part of the last quarter of 
the seventeenth century that the world 
was amazed at the discovery of a “neAV- 
world-of -innumerable-beings, ’ ' differing 
in size, shape and movement, which were 
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beheld in a single drop of water by means 
of * ‘ an artificial eye ’ * devised by a strong 
man endowed with marvelous industry. 
Up to this time the (•h(*ese-mite was the 
smallest animal in creation. Pasteur 
and Lister came two hundred years later. 

Van Letmwenhoek was much talked of, 
especially in England, llis discoveries 
exercised the greatest influence upon the 
anatomy and physiology of this period. 
The scientific world, agitated concerning 
them, was anxious to (‘xamiue the micro- 
scopes nuide by Van Leeuwenhoek and 
was curious to learn how he manufac- 
tured the lenses through which he was 
revealing a new world. 

Van Leeuwenhoek was elected a mem- 
ber of the Royal Society in 1679 and a 
medal of the society was presented him. 
On the obverse* side of this medal (Fig. 
7) is seen a medallion of Van Leeuwen- 
hoek. The translation of the Latin 
reads. “Ant. Leeuwenhoek, member of 
the Royal Society of England. “ On 
the rever.s(‘ side illustrations are seen 
of a bee-hive, a plant and the City of 
Delft. The Latin inscription from Ver- 
gil may be translated : “His work was 
in little things, but not little in glory. “ 

On November 26, 1681, at a meeting of 
the Royal Society, Mr. Ilenshaw said he 
surmised that the lenses used by Van 
Leeuwenhoek were ground in an unusual 
way, that Van Leeuwenhoek illuminated 
the objects he examined under his micro- 
scopes in a special way and that he had 
a room especially fitted up in which he 
conducted his investigations.^ 

Hooke remarked that the lenses con- 
structed by Van Ijeeuwenlioek were only 
what he had said they were in his 
“Micrographia“ (1666); “melted glass 
balls, whole or cut in halves and formed 
into a lens. “ Mr. Henshaw suggested 
that because of the newness and the 
greatness of the discoveries made by Van 
Leeuwenhoek he be requested to make 
known his methods not only of grinding 
and polishing his lenses but also of the 
construction and usage of his micro- 
scopes. When this request of Mr. Hen- 


shaw was present(»d to Van Leeuwen- 
hoek he replied, “I agree with you.“ 
We shall see, however, that he had no in- 
tention of complying with this reciuest. 
He kept his methods secret. When a 
question was askt'd that he did not care 
to answ(*r, he did not reply. A letter 
from Thomas Molyneux, dated March 
14, 1685, was read at the meeting of the 
Royal Society April 1, 1685, wherein he 
stated, “It was not possible to get one of 
Van Leeuwenhoek’s microscopes for 
money.” A letter of Huygens states 
that V’^an L(‘euwenhoek would not allow 
the Landgrave* of Hessen -Casscl to 
handle his microscopes, fearing they 
might be copied. Once a Clerman came 
to Van Leeuw(‘nhoek and ask(*d if he 
would s(*ll him a microscope*. Van Le?eu- 
we*nhe)ck anw creel premiptly, “Nein bei 
rneinen ]je*be*n nieht.” When ho was 
askenl why he* made ho many mie*rose*e)pcs 
and would not sell any, he remaine»el 
silent. Van Leeuwenhoek eviele‘ntly did 
not wish all his technique to elic with 
him, be»cause he willed twenty-six mii’ro- 
sce)f)es to the* Royal Society of Englanel, 
but he ajipears to have been desirous of 
concealing during his life almejst all that 
he kne»w pertaining te) the* ceinstruction of 
mici’oscopes and their usage*. Tn fact, 
he states in a letter to Henry Oldenberg, 
the secretary of the Reiyal Society, that 
he had microscopes of a greater magnify- 
ing power than those he was in the cus- 
tom of exhibiting, which he kept for his 
own use to examine micro-organisms in 
water.^ William Medyneux, astronomer 
anel mathematician, a brother of Thomas 
Molyneux, writes in his “Dioptica 
Nova,” published by B. Tooke at Lon- 
don in 1692 : 

The Ileer Leeuwenhoek of Delft in Holland 
has lately applied himself with great diligence 
to the use of microscopes: of which instrument 
he thinks ho has a better kind than was ever 
yet known. When T visited this Gentleman at 
Delft he showed mo several that indeed were 
very curious, but nothing more than what I had 
ordinarily scon before, being composed only of 
one single very minute glass-sphere or hemi- 
sphoro placed between two very thin pierced 
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laminae ur xilatcs of brann, and the object was 
brought to its due distance before tlio glass by 
a fine screw; but, for his best sort, ho begged 
our excuse in concealing them. 

In 1747, twunty-four years after the 
death of Van Le(‘uwonhook, his micro- 
scopes and oilier scientific effects were 
placed on sale. The catalogue for the 
sale was iirinted in Latin and Dutch by 
the city printer of Delft, Eeinier Boitet. 
The following is a translation of an ex- 
cerpt from this catalogue. 

The catalogue of the far-famed microscopes 
made with much trouble and expense during 
many years by the dec cased Van TiOcuA^cnlioek, 
and left by him, who during his noble life was 
a member of the Koyal Society of Kiiglaiid, will 
bo sold on Monday, May 2‘J, 1717, in tlie city 
of Delft, in the guild chamber of Saint Luke, 
in the morning from 10 to 12 ainl in the after- 
noon from 2.30 to 

The frontispiece of this catalogue is an 
engraving of a cabinet for microscopes. 
Two children, one holding a microscope 
in the hand, arc cxaiuiniiig the micro- 
scopes. The catalogue also contains an 
engraved portrait of Van ijoeuwenhoek. 
The microscopes listed an* three* gold, 
one hundred and forty-seven silver, five 
silver and copper and thr(*(» hniidred and 
seventy-five coiiper. ( )n page 45 there is 
an inserted sheet eontaiiung the names 
of the purchasers and the amount paid 
for tlieir purchases. Twelve pieces of 
apparatus (Fig. 8j are also iist<*d, 
which were used for holding, in a fixed 
position, a glass tube partly filled with 
water and just large enough to contain 
a small eel. The tail of the animal was 
])laced uppermost so that the circulation 
of the blood might be examined by a 
microscope attached to the upper part 
of this apparatus. Eight of these pieces 
were constructed of silver and four of 
copper. The returns from the sale of 
these micr()seoi)es amounted to seven 
hundred and thirty-three guldens and 
throe stuivers. One gold microscope 
brought twenty-three guldens. A silver 
one sold for ten guldens. Those of cop- 
per brought fifteen stuivers to tliree 


guldens.^ The value of a gulden to-day, 
with us, is about forty cents, and that of 
a stuiver about two cents. 

TIaaxrnan says : 

It tippeiirs that all those microscopos ro 
iiuiinod in oiir land | Holland] judging from 
the names of the buyers. The name of Dirk 
Haaxman appears \ory often on tlio list of pur- 
chasers. It IS surprising there are not more 
of these microscopes in my family. 

Ilaaxman also states that when a lad 
he exH mined insects with a microscope 
resembling one of those made by Van 
Leeuw(‘nlioek, but attaching no more 
value to this instrument than to any 
other toy he lost it.^ 

On June 9, 1699, Van Leeuwenhoek 
wrote the Royal Soeiety: 

Kegardiiig my “glasses^* [microscopes], I 
will not boast. T make th(*,m as wa*ll as is in 
my power. For many years the huisos have 
boon m.ado better and better and been better 
mounted. On the grinding and the mounting 
of a lens much depends. 1 have known tliose 
who ground lenses and who consideied tliem- 
sclves eomp(‘1<'nt to do so, but w'erc not tittod 
for the work, b(‘cause they could not tell an 
incorrectly groiiml lens from a coiroctly gi^mnd 
one. As one is able to discrimniato between 
a good and a poor lens by so much is one able 
to fashion a perfect lens. And if one has made 
a perfect lens and tries to make new discoveries 
with it, one must not .ludgo his discoveries at 
first sight, but mii.st sec them often. I have 
seen often. To brag, to make a noise about a 
thing IS commonly called to see through a 
“ glass I magnifying glass]. When one looks 
through a “ glass [microscope] at first one 
may see one tiling and later another thing, and 
when one investigates the findings they may 
be false. It is very easy for people, even those 
wlio arc accustomed to look through ‘‘glasses^' 
to be deceived, to be misled. i 

Leibnitz and others urged Van Leeu- 
wenhoek to establish a school in which 
students miglit be instructed in his 
methods of making lenses. He ansvv(*r(*d 
Ijoibnitz : 

T can .sec nothing coming from the establish- 
ing of a school in which young men might be 
taught the cutting and grinding of lenses. 
Many students have come to Leyden because of 
my discoveries and iiiy method of making lenses. 
There is much in the making of lenses and the 
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- -Ft am E (1 van Leesum 
FIG. 8. TlTl^F AND HOLDER 
Left: A small gla.ss tube parti. y filled with 

WATER WHICH WAS JUST LAHOK ENOUGH TO 
HOLD A SMALIi EEL. RlOIlT: APPARATUS USED 
IN (’LAMPING THE TUBE, SO THAT, WHEN THE 
MICROSCOPE (E-F Cf-ll-l) WAS FASTENED TO 
ITS UPPER PART BY THE SCREW H THROUGH THE 
HOLE K IN THE MICROSCOPE, THE EYE MIGHT BE 
FINED UPON THE LENS AT L AND THE TAIL OF 
THE EEL EXAMINED. 

discovery by them of things conceahMl from our 
eyoa, and because of this, most of these stu- 
dents propose to obtain money through science 
or through learning to become well known. It 
is plain to me thnt out of a thousand persons 
not one would be fitted to giv(^ himself to such 
study, because it takes much time and money, 
and in order to aceomplish anything ono^s 
entire mind must bo given up to the study.' 

On March 13, 1716, ho wrote Leibnitz : 

I have never had any desire to teach. If I 
instructed one I should have to instruct others 
or they would accuse me of partiality. T wish 
to remain free. I do not look for money from 
nay work, inventions or discoveries; and I do 
not try to get anything out of them. And, 
further, to do good work one must study, spend 
money and go into the work with all one’s soul, 
which is surely a work not attractive to most 
young people.' 


In a communication to the Royal So- 
ciety, November, 1677, Van Leeuwen- 
hoek states he had received a letter from 
Professor Theodore Craanen, of Leyden, 
requesting him to show some of his dis- 
coveries to his nephew (Johan t) Ham, 
a medical student at the University of 
Leyden, and that he complied with this 
request. Van Leeuwenhoek continued: 

Ham visited me a second time, in August, 
1077, when he brought me, in a glass vessel, 
the sp(*rmatic fluid of a man who had cohabited 
with an unhealthy woman. He said he found 
living ‘^animalcules” with tails, in this fluid 
and that they lived only twenty-four hours. 
Ho thought the presence of the animalcules was 
caused by the decomposition of the fluid. Fur- 
ther, ho noticed that when he gave the man 
turpentine internally these animalcules died. 

Van Leeuwenhoek examined this fluid, 
which Ham brought him, confirmed 
Ham’s discovery and made many re- 
searches on the healthy spermatic fluid 
of man and of a great number of animals 
and found what he called ‘‘little worms” 
or “spermatic animalcules.” He stud- 
ied their shape and movements and 
thought there were both male and female 
spermatic animalcules. He said that a 
line formed by one hundn^d of them 
would not be as thick as a hair, that 
fifty thousand of them would not cover a 


— From K J, Petri 

FIG. 9. A MICROSCOPE WITH A 
REFLECTOR 

WHICH VTAS MADE BY VaN LeEUWENHOEK. 
The REFLECTOR SIDE IS ON THE LEFT; THE OB- 
SERVER SIDE ON THE RIGHT. THE ALLEGORICAL 
FIGURE, INVESTIGATION, IN FiG. 10, IS HOLDING 
A MICROSCOPE SIMILAR TO THIS ONE. 
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grain of sand and that one could count 
more spermatic animalcules in the wood 
louse than there are men upon the sur- 
face of the earth. It is said that “the 
report of Ham’s discovery to the lioyal 
Society by Van Leeuwenhoek made so 
mucii noise that it was spoken of at the 
court of Charles II, who expressed a 
desire to see “these strange beings. 

It is not clear whether Ham, of Arn- 
heim, or Nicolas Hartsoeker, another 
Hollander, was the first to discover tlie 
spermatozoon. Hartsoeker ( 1656-1725 ) 
was an astronomer and a natural philoso- 
pher. He made great discoveries, but 
his paradoxical mind caused him to stray 
from facts. He taught at Amsterdam, 
was honorary professor at Hiddelberg 
and toward the end of his career ac- 
cepted the chair of mathematics and phi- 
l()S()])hy at Dusseldorf. He had some 
tiighly eccentric metaphysical philosoph- 
ical notions, and was of a singularly 
disputatious temper. 

Hartsoeker in his “Extrait Critique” 
alludes to Van Leeuwenhoek as follows- 

Anioii^ a quantity of uselons obaorvations 
tlioro aro some that are good and servo tho ad 
xaiicernont of learning I have never been so 
snrjirisod as when oiir author, whoso ability is 
below the average, spoko as he did of globules 
in the blood and in milk, and my astonishment 
was groat when I heard that well-known physi- 
cians and professors of philosoiihy and of 
medicine have cited him with praise respecting 
his beautiful discovery of the globules in the 
blood and have adopted his galimatias. I vis- 
ited him three times. T went there the first 
time with the mayor of Rotterdam and my 
father about tho end of 1672 or beginning of 
1673, which visit ho well remembered, as wc 
shall see. Tho second visit I made alone, to- 
wards the end of 1679, on my return from 
Paris. This visit was made half in the street 
and half in his doorw-ay. His actions toward 
me excited my enmity, because T objected to 
his ridiculous ideas on anatomy, to which he 
could not reply. How do you dissect a Ilea or 
a moth so as to draw the testicles from the 
body and open the testicles and take the sper- 
matic fluid out so as to see that it is filled with 
little animals, the form of little eels, very long 
and very thinf What glasses do you use to 

OR. Sprengel, and A. J. L. Jourdan, ‘‘His- 
toiro de la M^decine,'* Paris, 1815. 


make this anatomical demonstration! If the 
lens IS small you have not enough light aud if 
the lens is largo it does not enlarge enough! 
What knives do you use; the sharpest and the 
finest would crush tho structure quicker than 
ojien it? And following that, no doubt on 
account of my objections, he loft mo abruptly, 
saying he had work to attend to.i 

Hartsoeker tells us that the third time 
ho called upon Van Leeuwenhoek was in 
1697 or 1698, twenty years after his sec- 
ond visit, and that he was aeeompanied 
by tho mayor of Delft. Van Leeuwen- 
hoek w^as prepared to receive his guests 
and to show them some of his discoveries. 
Tho mayor presented Hartsookc^r to Van 
Ijeeuwenhoek, “on which Van Loouwoii- 
hoek,” says Hartsoeker, “viewing me 
with disdain, refused to show us any- 
thing, and it would not have taken much 
to have had him throw us out of the 
liouse.”^ Hartsoeker says of Van Leeu- 
w enhoek : 

All tlmt be has said and has repeated a 
thousand times are only just so many words, 
aud as for his sketches demonstrating his obser- 
vations, they mean nothing at all and aro only 
a confused lot of drnwings.i 

Tlie following is an extract of a letti»r 
from Van Leeuwenhoek to Leibnitz: “1 
well see that many learned men will 
accept neither my discoveries nor my 
ideas. Therefore I prefer, rather than 
dispute with them, to solace myself with 
the hope they may later accept them.”** 

Many w-ere skeptical regarding the dis- 
covery of the spermatic animalcules ; 
however, among those who were not was 
Leibnitz, wlio wrote Van Leeuwenlioek, 
September 28, 1715, that “the learned 
Vallisniei i of Padua” distrusted the dis- 
covery of Van Leeuwenhoek, but that 
he thought of WTiting concerning this 
discovery and that he would give Van 
Leeuwenlioek credit for his part in it. 
Van Leeuwenhoek answered; “We have 
a Dutch expression: ‘one blond crow^ 
does not make a cold winter.’ If Val- 
lisnieri is against me there are those wiio 
are wdth me.”^ 

On September 25, 1699, Van Leeuwen- 
hoek wrote Grew, that 



128 


THE SCIENTIFIC MONTHLY 



FIG. 10. AN ALLEGORICAL FRONT! STM ECK 
BY Peter Rabus, in the spxond volume or Van Leeuwenhoek work published in 1695. 


notwithstanding so few people believe so 
many animalcules can be obtained in so little 
fluid, which I know' to be a fact, and which the 
Hoyal Society of England doubled at one time, 
I will not be offended by any one who may 
reject iny views ; and as sure as I was of having 
discovered animalcules in water, so sure am 1 
about my discovery of spermatic animalcules in 
the spermatic fluid of man, birds and fishes. It 
will suiHce mo if I obtain credit only from you 
and other eminent and learned meii.^ 

A detailed annoiincoment of the dis- 
covery of file spermatic animalcules was 


made December 17, 1698, by Van Leeu- 
w’enhoek to the ex-mayor of Rotterdam, 
Harmon van Zoelen.^ 

Dr. Becker^ in his ^‘Niirre Weisheit 
und Weise Narheit,^’ 1682, says: 

Die Welt still steht, 

Dnd n.cht urageht, 

Wie recht die Gelehrten meynen; 

Ein joder ist Seines Wurms vergewyzt, 
Copernicus des Seines, 

Und also Herr Leeuwenhoek des Seinen, 

Malpighi and Van Leeuwenhoek might 
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be called the completers of Harvey’s dis- 
covery, because Malpighi (1661) discov- 
ered the circulation of the blood in the 
capillaries (pulmonary capillaries of the 
frog),* and because Van Leeuwenhoek 
(1686) studied and described the circu- 
lation of the blood in the capillaries of 
the web of the frog’s foot, of the fin of 
fishes, of the tail of the tadpole and eel, 
of the bat’s wing and of the ears of 
young rabbits. Van Leeuwenhoek ob- 
served and proved the continuity of ar- 
teries and veins by means of the capil- 
laries and said it was difiieult to 
determine where the artery ended and 
the venous radicle began.^ He says : 

If now we have been fortunate enough (for 
which we have longed so much, and diligently 
looked in vain for many years) to expose so 
clearly the circulation of the blood and its 
passing from the arteries into the veins in the 
aforesaid frogs and fishes, wo shall not be 
satisfied with it, but we shall do our best to 
examine it also in other animals and if possible 
to discover it there also.^ 

The following is an extract from a let- 
ter of Van Leeuwenhoek to the Royal 
Society, July 10, 1696, relative to his 
discovery of the capillaries : 

I took several of the least sort and put them 
into my small tube (partly filled with water) 
so that they could but just go into it. [Bee 
Fig. 8.] When I fixed these small eels be- 
fore the glass” and fixed my eye upon the 
fin near the tail, 1 saw with greater admiration 
than ever I did in my life before, the circula- 
tion of the blood, and that in so many sundry 
places; so that if I should delineate the little 
space composed thereof, it would not seem 
credible to most men.? 

Van Leeuwenhoek called the capil- 
laries ‘‘very small arteries'' or "‘very 
small veins" or "very little vessels." 
He saw that they had walls, which some 
observers doubted. He detected the 
erythrocytes passing along the lumen of 
the vessels in single file. He noted that 
the blood may flow rapidly or slowly in 

? E. C. Van Leesum, ''Old Physiological, Ex- 
periments,” dedicated to the Ninth Congress of 
Physiologists at Grfiningen, E. J. Brill, Leyden, 
1913. 


the capillaries, or that it may stop and 
then flow in the opposite direction ; that 
cold and heat affected the flow. And he 
attempted to measure the velocity of the 
flow.^' ® He says : 

The motion of the blood in these tadpoles 
exceeds that in all the other small animals and 
fishes I have seen; and seeing this has been so 
recreating to me, that 1 do not believe all foun- 
tains, or waterworks, either natural or made 
by art, could have pleased my sight so well. 
And now at last I spied a small artery; that 
notwithstanding it is so small that 1 judge but 
one small globule of the blood could pass 
through it. . . . Yet what was most remark- 
able was to see the manifold small arteries that 
came forth from the great one, and which were 
spread into several branches, and turning came 
into one again, and wero reunited, that at last 
they did pour out the blood again into the great 
vein; this last was a sight that would amaze 
any eyes, that were greedy for knowledge.^ 

He tells of the elastic reaction of 
arteries and how the expansion of the 
arterial wall travels distally along the 
arteries as the pressure is increased 
within them.® He writes of having seen 
the fibrillae and transverse striation of 
voluntary muscle ; the muscle bundles in 
the ox’s tongue ; the vascular plexus sur- 
rounding the muscle fibers in the dia- 
phragm of a lamb, and the arrangement 
of the muscle cells of the heart (redis- 
covered by KoUiker, 1863) which he 
called “ concatenatio fibrarum.”® He 
states that the optic nerve of the cx and 
the horse has no central canal, as the 
ancients thought, but is composed of 
filaments or juxtaposed canaliculi filled 
with globules; the shaking of the latter 
by the impression of light caused the 
transmission of impulses to the brain. 
His observations on the structure of the 
nervous system, which were his least 
exact, were reported to the Royal Society 
between 1674 and 1685. Later (1715) 
his idea of a nerve trunk had improved 
with observations, because he described 
the nerve sheath, the nerve fasciculi and 

8J. 0. Dalton, "Doctrine of the Circula- 
tion,” H. C. Lea's Sons and Co., Philadelphia, 
1884. 
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the nerve fibers, saying that the nerve 
fibers were so thin that more than one 
thousand of them could be found in a 
nerve trunk which had a diameter 
equivalent to the sum of the thickness 
of three hairs taken from the head.® He 
made transverse sections of nerves and 
of the spinal cord and remarked that 
the transverse sections of the medullated 
nerve fibers in these structures, which 
he mistook for tubules, consisted of a 
membrane (rediscovered by Schwann, 
3838) containing a liquid, and that in 
the center of this liquid there was a cen- 
tral point (axon or dendron) or cor- 
puscle as he called it.®'® He described 
the vascular structure of the pia mater 
and the blood vessels (vasa nervorum) 
in the nerve trunk.®. He studied the 
rods and cones in the retina,® the lamel- 
lated structure of the crystalline lens, 
which had been discovered already by 
Stenon,®'® and the fat globules in milk.^ 
He saw globules in adipose tissue and 
thought he saw globules in the brain and 
cord.® He found living spermatozoa in 
the uterus and tubes of a bitch and as- 
serted that they and not the spermatic 
fluid played the essential part in repro- 
duction.^® 

In his communication to the Royal 
Society (1G79) Van Leeuwenhoek states 
ho had seen the dentinal tubules or ca- 
naliculi in the teeth of man, elephant, 
horse, pig and cow. His communication 
was accompanied by drawings of these 
tubules. lie observed that the tubules 
ran from the interior of the tooth to its 
periphery; that processes of the pulp tis- 
sue (fibers of Tomes) ran into the 
tubules, and he thought these tubules 
were characteristic of dentin. He said 
that they could be seen only when highly 
magnified and that they had a diameter 
of 1/5,400 of the width of the thumb. 
It was not until 1835 that this work of 

» J. G. Bernard, * * Histoiro des Microscopes, ' ’ 
OIlier-Henry, Paris, 1886. 

A. Doling, ‘‘Cours do Microscopie, ' ' J. B. 
Bailli^re, Paris, 1844. 


Van Leeuwenhoek on the teeth was con- 
firmed by Retzius and Purkinje.^'*^* 

The dentinal tubules permit the pas- 
sage of lymph, ink, oil, dyes, etc. Van 
Leeuwenhoek saw blood stains in the 
dentinal tubules as later did Felix 
Dujardin (1801-GO), who saw blood 
stains in the dentinal tubules of persons 
who had died of cholera or who had 
been asphyxiated by carbon monoxide; 
the infiltration of the dentinal tubules by 
the decomposed blood reaching the dento- 
enamel junction of the tooth (the eryth- 
rocytes are too large to enter the 
tubules) gave the tooth a brownish-red 
color.® 

Van Leeuwenhoek described the squa- 
mous epithelial cells of the epidermis, 
having found them in the cerumen of 
the ear and the sweat of the hands and 
face, and said they resembled fish scales 
and that they were replaced continually 
by new scales. He found squamous epi- 
thelial cells in the secretions of the 
mouth and vagina. He made compara- 
tive studios of normal epidermis, epider- 
mis of cicatrices and keratosis, described 
the Negroes skin and said that the color 
of the skin depended upon the epidermis. 
He saw the epithelium of the intestines 
and gave an accurate description of 
hair.® He gave the name “filamenta seu 
stamina tenuia tendinum’* to connective 
tissue.® He made microscopical studies 
of insects and their metamorphoses, of 
the parasites of man and animals, of the 
structures and germination of plants, of 
grain, of crystals and tophi. lie discov- 
ered and studied the movements of the 
vinegar eel in vinegar and the vibrios 
(treponema microdentium and macro- 
dentium?) in the tartar on teeth.® He 
found micro-organisms in the mouth and 
showed their presence to be greater in 
the “food rests “ between the teeth than 
elsewhere. 

Dictionnaire Universal d 'Historic Natur- 
elle, Fortin, Masson ct Cie, Paris, 1843. 

la Bayle et Thillaye, ‘ * Biographic M6dicale 
par Ordre Chronologique, " Adolphe Delahaya, 
Paris, 1855. 
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Van Leeuwenhoek discovered (1680) 
minute globular or ovoid particles in fer- 
menting fluids. This was the first obser- 
vation of the yeast plant.^* In 1837, 
both Schwann and Latour discovered the 
organic nature of yeast, and showed that 
the yeast-plant causes fermentation. He 
denied the then accepted theory that fer- 
mentation took place in the blood be- 
cause he was unable to see air bubbles in 
the circulating blood.® lie showed that 
weevils of granaries are grubs hatched 
from the eggs deposited by winged in- 
sects, and are not bred in and from 
wheat, as was then believed. He not 
only described the structure of the flea 
but also traced its entire history of 
metamorphoses from the egg. He even 
noted that the pupa of the flea was at- 
tacked and fed upon by a mite. He was 
the first to discover that the blighting of 
the young shoots of fruit trees was due 
to the aphids and not to the ants also 
found on the trees. He studied care- 
fully the life history of ants. He made 
studies of the sea-mussel, fresh-water 
mussel and other shell-fish. He said they 
were not generated out of the mud or 
sand, but from spawn. He made careful 
studies of the ovum of the fresh-water 
mussel. He showed that eels were pro- 
duced by the ordinary process of gen- 
eration, and not from dew. He discov- 
ered rotifers, noted their resistance to 
drought and declared that the resistance 
was due to the impermeability of the cas- 
ing in which they were enclosed, which 
prevented the evaporation of the body 
fluids. He described the diiferent struc- 
tures of the stem in monocotyledonous 
and dicotyledonous plants.^* It is said 
that he was greatly pleased when a sailor 
brought him the eye of a whale, which 
became a source of many investigations.® 
He relates, in a letter on July 10, 1696, 
to the mayor of Amsterdam, Nicolas 

J. C. McKendrick, ‘‘ A Text Book of Physi- 
Macmillan and Co., London, 1886. 

Encyclopaedia Britannica, thirteenth edi- 
tion, a, V., Loouwenhoek. 


Witsen, that he had made experiments 
pertaining to the movement of the earth 
and that he had discussed his results 
with Christian Huygens.^ While exam- 
ining an opaque object Van Leeuwen- 
hoek used a mirror of polished copper to 
reflect the light upon it. In all probabil- 
ity Lieberkiihn knew of the reflector de- 
vised by Van Leeuwenhoek when he con- 
structed his own reflector of polished 
silver. Lieberkiilm, however, is consid- 
ered the inventor (1738) of the reflector 
for the microscope.** ® In the allegorical 
frontispiece of Van Leeuwenhoek’s work 
published in 1695, the central figure rep- 
resenting ‘‘Investigation” is seen hold- 
ing a microscope, made by Van Leeuwen- 
hoek, which is furnished with a reflector 
(Fig. 10). Petri in his work “Das Mi- 
kroskop”^® has an illustration (Fig. 9), 
of a microscope with a reflector con- 
structed by Van Leeuwenhoek similar 
to the one that “Investigation” is hold- 
ing in the allegorical frontispiece (Fig, 
10). Is not this reflector invented by 
Van Leeuwenhoek a forerunner of 
many medical instruments? Because 
Van Leeuwenhoek made contributions to 
botany, Robert Brown, the English bot- 
anist, named a species of plants of New 
Holland (the old name for Australia) 
“Lecuvvenhoekia,” and said: “In Me- 
morinm, Antonii a Leeuwenhoek, mi- 
crographi coloberrimi, in cujus operibus 
plures et perpulchrae observationcs de 
plantarum structura exstant. 

In a letter to the Royal Society Van 
Leeuwenhoek states that he had to kill 
more than one hundred mosquitoes in 
order to olitain one perfect proboscis for 
examination and that he was busy sev- 
eral days in obtaining this specimen.' 
And with reference to his investigations 
in general he says: 

On these said experiments I have spent more 
time than people will believe, but I have done 
them with pleasure. I have not noticed those 

R. J. Petri, ^ ^ Das Mikroskop, ' ’ R. Schoetz, 
Berlin, 1896. 
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who .Baid : Why go to so much trouble and for 
what use? I do not write for them, but only 
for those who have imagination, who are philo- 
sophically inclined and are able to appreciate 
what I write. 1 

... It is to be deplored that medicine is 
practiced by so many who use poor judg- 
ment. Where is the apothecary or surgeon 
who does not give laxative medicines in mild 
cases? And in many cases it is the only thing 
they can do, because most of them have no 
knowledge of how the body is constructed and 
they are nut competent to question the patient 
to get at the cause of illness. And it is stated 
that there are physicians who visit patients and 
order remedies for them with the object of 
chasing money into the pockets of the apothe- 
cary. ^ 

lie opposed the method of purging, 
then in vogue, and said : 

finch a powder is sooner a murder-powder 
than a healing-powder. Can we not call, with 
justness, that awful stulT wdiich causes such 
movements of the stomach and intestines a 
murder-powder? Wc will take care that these 
murder-pow’ders do not enter our body and 
that those who gi\e them keep away from us.i 

... It 18 strange that many people in our 
land believe so easily. Let but a ** great doc- 
tor'^ come to the land, who announces himself 
as having made great cures, which he usually 
does, and come forward with many lies, then 
such quackery often llnds not only an entrance 
with the common people, but it also goes over 
to those w'hom wc expect to have better judg- 
ment. And when w’o speak to theso quacks re- 
garding tlieir business of which they are sup- 
posed to have some knowledge, they are but 
ignoramuses, fiomo time ago there came into 
our land a greet lying German, who claimed 
that by means of a powder wdiich he called 
^ ^ sympathy ’ ' lie could cure any ill. They 
brought this quack to my house in a carriage, 
so that T might admire him. His cure con- 
sisted of a powder to bo placed in the urine 
of the patient. After I had listened to the 
man until he annoyed me, I asked the liberty to 
tell him my ideas. This was granted, and I 
told him that I did not believe such stuff and 
that T considered his cure an impossibility and 
that nil those who had done this same thing 
before him were tricksters. Ho cited many 
cures w'hich <lid not have a sign of truth, so 
much so that I was disconcerted by his igno- 
rance, and told him that all who would traffic 
with him w'ould be cheated. This xiroved true. 
Is it not miserable that our nation goes over 


to such people, w'hen we can bo served satisfac- 
torily by our owm physicians, our own com- 
patriots, who x^ossess a great many more gifts 
than the foreigner w^e have mentioned? Wo 
learn by experience that those who are most 
ignorant of the art and science of healing are 
those who make the most noise.i 

Vau Leeuwenhoek’s opinion was con- 
sidered so valuable that people came 
from foreign countries to consult him. 
Merchants, physicians, surgeons and cor- 
porations sought his advice. In 1656, 
the mayor of Amsterdam, Nicolas Wit- 
sen, who was also president of the blast 
India Company, consulted him in behalf 
of this corxioration. He was asked for 
something to kill the worms in the nut- 
meg. Van Leeuwenhoek advised that the 
places where the nutmegs were stored 
and the ships in which they were im- 
ported should be fumigated with sul- 
phur.^ 

He thought many disorders arose from 
the blood being too thick, because it trav- 
eled so slowly tlirough the capillaries, 
and that much driiiking would thin the 
blood. He applied this theory to him- 
self, so that wheneviT he had eaten much 
in the evening, he drank more and hot- 
ter coffee n(‘xt morning, to encourage 
sweating, and he said “that having eaten 
so much, an entire apothecary shop 
would not help me as much as this sim- 
ple remedy. I noticed that tea would 
make me swTat in the same way.”^ 

Ilarting says that Van Leeuwenhoek 
was the first to possess a collection of mi- 
croscopical sjoecimens and that he ex- 
celled in preparing them. In a letter to 
Leibnitz of November 17, 1716, Van 
Leeuwenhoek relates: “I have shown 
two celebrated professors the dead sper- 
matic animalcules which I placed in a 
thin glass tube twTdve years ago, in 
which we could distinguish very plainly 
the body from the tail.” 

The following specimens prepared by 
Van LeeuwTiihoek were advertised for 
sale in 1747 : 

Muscle fiber of a whale and of a codfish. 
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Cardiac muscle (goose). Transverse section of 
muscle of fish, liosquamated einthelium (skin) 
of man. Crystalline lens (ox). Erythrocytes 
(man). Liver (pig). Transverse section of 
wall of bladd(‘r. Bladder of ox. Papillae of 
tongue (ox). Hair of sheep, bear, beaver, deer. 
Hair from nose. Dosquainated epithelium from 
the human tongue. Scales of perch. Spinning 
apparatus of spider. Threads of spider’s web. 
Mandible of spider. Eyes of spider. Spinning 
apparatus of silk worm Brain of fly. Optic 
nerve of fly. Foot of fly. Mandible of flea 
Foot of flea. Eye of beetle Skin of louse. 
Mandible of louse. Section of coral. Section 
of oyster shell. Transxerse and longitudinal 
sections of elm, fir, ebony, linden, oak, cinnamon 
and cork trees. Sections of nutmeg and of 
bulrush. Grain of rye. Pieces of white-marble, 
rock-crystal, diamond, gold-leaf, silver and 
saltpeter.! 

For noarly three quarters of a century 
this patient, industrious and ingenious 
man examined without order, method or 
any preconeeivt'd idea almost everything 
attracting his attention and made many 
discoveries, but his confidence in himself 
and his instruments also led him into 
errors and the making of strange asser- 
tions. It is said that Van Leeuwenhoek 
was opinionated and ('xtremely vain and 
had many controversies. 

In a letter to George Garden, of the 
Royal Society, Van Leeuwenhoek says: 

My object is not to remain opinionated be- 
cause of my own vieAvs, but as soon as any ono 
shall give me probable reasons against my views 
which I can accept, I will abandon my own 
and go over to another’s. And, this the more, 
because my investigations are made only with 
the object of discovering the truth, as much 
as is in my powder, and to put the truth before 
the eyes of all ; and with the little talent that I 
have to withdraw credulity from the w'orld, T 
know well that my investigations are not co- 
ordinated, but that among them there are con- 
flicting discoveries; and because of this T say 
again that my object is not to hold my opinions 
any longer than to that time when I would bo 
better informed through my observations, from 
which it will follow that 1 wull have to go over 
to other ideas which I will never bo ashamed 
to do.! 

Haaxman says: honest simple 

righteous character was Van Leeuwen- 


hoek. The more one reads his letters the 
greater must he be esteemed. 

In another letter to George Garden he 
writes : 

Regarding the diffcronces of Swammerdam 
and Do Graaf, I know these men, they have 
been at my house many tunes and T admire 
their discoveries. And if they were still living 
they w'ould be red with shame because of their 
squafibles, that were caused by each laying 
claim to the priority of having discovered cer- 
tain organs of generation in the female.! 

T)ie TiHHubors of the Royal Society 
who had long admired the discoveries of 
the ingenious Hollander were anxious to 
learn something of the man himself and 
of bis instruments, so they sent Dr. 
Moljmeux to visit him. He writes, Feb- 
ruary 1(), 1865: 

T found him a very ])oliie man, very agree- 
able and really endowed with great natural 
aptitmle, but contrary to my cx])eclation totally 
illiterate. ITo is ignorant of Latin, French, 
English and all other languages except liis owm, 
which therefore impedes his reasoning. Not 
knowing iii any w'ay the ideas of others, he has 
m his own, such assurance that he attempts to 
explain things in an extravagant and fantastic 
manner.! 

Many wore envious of Van Leeuwen- 
hoek, but he had many admirers, among 
them the Duke of Wurtemberg, the Duke 
of Brunswick, the Landgrave of Hesson- 
Cassel, Charles II, George I, Queen 
Anne of England, Frederick II of Po- 
land, Frederick I of Prussia. AVhen 
Cliarles 1 1 1 of Spain came to The Hague 
he d(‘legated Prince Lichtensteiti to in- 
vite Vail Leeuwenhoek to come there and 
demon Date some of his discoveries to 
him. The historian, Girard von Loon, 
gives the following account of the visit 
of Peter the Groat to Van Leeuwenhoek 
ill 1698 

The Czar left The Hague in one of those 
yachts used on the canals, and .arriving at Delft 
invited the celebrated Antony van Leeuwenhoek 
to call upon him and bring his incomparable 
microscopes. Van Lceinvenhock then had the 
honor of showing his Imperial Majesty, among 
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other things, the circulation of the blood in the 
tail of the eel. This curious observation and 
others so pleased the Czar that he spent two 
hours with Van Leeuwenhoek and when he de- 
parted, he shook hands with him and thanked 
him. 

Some of Van Leeuwenhoek’s works, 
printed in Dutch, were published at 
Delft and Leyden, and in 1695 all his 
writings wore gathered and published at 
Delft in four volumes entitled Arcana 
natura ope et benoficio exquisitissi- 
morum microscopiorum detecta, vari- 
isque experimentis domonstrata ab Anto- 
nio a Leeuwenhoek. ’ ’ Other editions ap- 
peared in 1696, 1697 and 1719, and in 
1722 the four volumes were republished 
at Leyden with the title ‘‘Opera omnia, 
seu, Arcana naturae ope exaclissimorum 
microscopiorum detccta, experimentis 
variis com probata. 

The following is a translation of a de- 
scription in Latin by Peter Rabus 
(1695) of the allegorical frontispiece 
(Fig. 10) in the second volume of Van 
Leeuwenhoek’s wwk published in 1695: 

Tho specter of Philosophy, Queen of Science, 
standing behind the table, is disclosing Nature, 
formerly concealed but now revealed. Saga- 
cious Investigation, upon whose temples are 
wings and who is clothed with a robe covered 
with eyes, has before her the different prod- 
ucts of Nature which she is examining with a 
microscope made by Van Leeuwenhoek, in order 
to search out how the products are begotten 
and born. [This microscope is furnished with 
a reflector. See Fig. 9.] Standing be- 
hind Investigation, in tho right background, 
is Diligence, always active Diligence is guid- 
ing Error. Error is represented as a poor one- 
legged man, whoso eyes are bandaged and whose 
face is disfigured by the ears of an ass. Error 
is resisting Diligence. Throe men are seen in 
the right foreground who pride themselves upon 
being philosophers: tho first, (kneeling behind 
Investigation) a superstitious Jew; the second, 


(standing) a Christian, not less credulous, 
and the third (at left of the Christian), a 
Heathen, from the school of Aristotle who car- 
ries hidden qualities on his shoulders. The 
three have not been able to raise themselves to 
tho place where stands Truth, who has no need 
of seduction and who is crushing horrent Envy 
under his feet. The Light Divine falls from 
Heaven and shines upon the microscope of Van 
Leeuwenhoek. 

On November 20, 1719, Van Leeuwen- 
hoek wrote the Royal Society : 

I am about to enter my eighty-fifth year; 
my hands grow heavy and commence to tremble. 
In saying adieu to you I wish to thank you 
again for tho honor you have* done mo in mak- 
ing mo in 1679 a member of your illustrious 
society.i 

Zeal for work continued with Van 
Leeuwenhoek to within thirty-six hours 
of his death, when he whs found writing 
his report to the East India Company 
respecting the presence of gold in a spe- 
cimen of sand which had been sent him 
by the president of this company for 
microscopical examination.' 

The epitaph on the tomb of Van Leeu- 
wenhoek in “The Old Church’’ or 
Church of Saint Hippolytus at Delft 
was written by his friend Ilnibert Cor- 
nelizoon Foot, “The Robert Burns of 
Holland.”'' The translation of a part 
of it reads : 

Here lies Antony Van Leeuwenhoek, oldest 
member of the Royal Society of England, born 
at the city of Delft tho twenty-fourth of Octo- 
ber, 1632, and died the tw'euty-sixth of August, 
1723, having reached the age of ninety years, 
ten months and two days. 

You, 0 W'anderer, having respect for old age 
and wonderful talent, stand in veneration. 
Here gray science lies buried with Van Leeu- 
wenhoek. 

ifl '‘Description of tho Principal Tombs in 
The Old Cliurch at Delft, published by the 
Churchwardens, Delft, 1907. 



THE TOPOGRAPHIC BASE MAP OF THE 
UNITED STATES 

By J. G. STAACK 

CHIEF TOPOGRAPHIC ENGINEER, U. S. GEOLOGICAL SURVEY 


A MOTORIST has written, ‘‘Left to my- 
self, I instantly reach for the left-hand 
door pocket, wherein resides a splendid 
assortment of maps. I spread one out, 
and instantly my mind passes into 
space. When the family appears, an 
hour later, I fold it up with a sigh of 
satisfaction. I have traveled far and 
made great plans for future voyaging.’^ 

Most maps are designed to present 
information of some particular kind. 
Railroad maps, highway maps, drainage 
maps, weather maps, air-navigation 
maps — all convey special information to 
the user. They are known as compiled 
maps, the particular information they 
are intended to convey being laid down 
on a base map, and they serve many 
very useful purposes. 

However, these special information 
maps are simply two-dnnension maps, 
picturing relative direction and dis- 
tance. If a third dimension is added by 
means of contour lines to show elevation 
above sea-level they are converted into 
topographic maps, thus adding mate- 
rially to their value and general utility. 
The most satisfactory method yet de- 
vised of representing relief is by means 
of contour lines. They were employed 
as early as 1728 by the Dutch engineer 
Cruquius to represent the bed of a 
stream, and a little later they w'ere ap- 
plied by Dupair-Triel on his map of 
France. A contour on the map repre- 
sents a line on the ground, all points of 
which have the same elevation above the 
adopted datum, usually sea-level. Con- 
tour lines are drawn to represent regu- 
lar intervals of elevation, which may 
range from one foot to 500 feet or more, 
depending on the nature of the country 
mapped and the size and scale of the 


map. The lines indicating steep slopes 
are crowded together; those indicating 
gradual slopes are far ajjart. In moun- 
tain areas tliey are numerous; in the 
plains they are few. In a region of 
rounded hills, they are smooth curves; 
in rough country they are angular and 
compact. Thus with a contour map in 
hand an experienced map reader visu- 
alizes at once and clearly the physical 
fealures of the country. 

For the early development of topo- 
graphic maps we are indebted largely to 
the military needs of nations. Inas- 
much as a better understanding of the 
terrain for movement of armies w'as re- 
quired than could be obtained from 
a two-dimension map, various methods 
by which tlie irregularities of the sur- 
face could be represented were em- 
ployed. Thus we have early military 
maj)S representing relief by haehures, 
contour lines or shading. The fact that 
practically all European countries are 
at present covered by adeejuate and 
accurate topographic maps is the logical 
outgrowth of early military require- 
ments. Indeed, in most countries of the 
present day topographic maps are made 
and published by their military depart- 
ments. The United States, while recog- 
nizing the value of topographic maps in 
the iia'I* ital defmise, utilizes them 
largely for the scientific study and in- 
ventory of its “tons of coal, barrels of 
oil and second-feet of water” and in the 
solution of the engineering, economic 
and industrial problems that alTect the 
welfare of its people in which a knowl- 
edge of the “lay of the land” is vitally 
important. 

In response to a report made by the 
National Academy of Sciences, Con- 
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gress created the TT. S. Geological Sur- 
vey in 1879 to coordinate under a per- 
manent bureau tlie geographic and 
geologic surveys which at that time were 
being conducted in the public domain by 
four independent establishments. The 
new organization was charged with the 
duty of classifying the public lands and 
reporting on the geologic structure and 
mineral resources of tlie national 
domain. 

To function properly as a scientific 
fact finder, the Geological Survey real- 
ized that a topographic base map which 
would accurately delineate physio- 
graphic and cultural details was a neces- 
sity. Accordingly, a plan was formu- 
lated and adopted to map the entire 
United Stales systematically in this 
way. The w'hole country was divided 
originally into quadrangular areas of 
one degree in latitude and longitude, to 
be mapped on the scale of 1 : 250,000, or 
about four miles to the inch. At the 
present time a quadrangle measuring 15 
minutes each way, mapped on the scale 
of 1:62,500, or about one mile to the 
inch, is adopted as the standard unit for 
a general-utility base map of the greater 
portion of the country, except the moun- 
tainous and desert regions of the West, 
where a 30 minute quadrangle is the 
standard unit. Maps on these scales are 
being supplemented by base maps on the 
scale of 1 : 31,680, or half a mile to the 
inch, in reclamation, industrial and 
metropolitan areas where larger maps 
are indispensable for intensive engineer- 
ing and city-planning studies. 

This general-utility map, sometimes 
called the master map of the entire 
country, is being engraved and printed 
in sheets about 20 by 16 J inches in size, 
suitable for easy handling and filing. 
An indication of its popularity is the 
fact that nearly a million copies of indi- 
vidual sheets were distributed last year 
to the general public, to other govern- 
ment bureaus and to state or municipal 
agencies. 


The very latest surveying instruments 
and methods are utilized in making this 
topographic base map. To prepare it 
specialized talent is necessary, trained 
in rej)resenting ground forms accu- 
rately on paper through the medium of 
contour lines, which are actually drawn 
in the field by the engineer. 

Although this topographic base was 
planned primarily to serve the needs of 
the geologist in his researches and 
studies of the mineral resources of the 
country, to aid the liydrologist to gather 
pertinent information on the flow and 
utility of streams, on the occurrence of 
ground water, on the quality of water 
suppli(*s and on the watc'r-power re- 
.sources of the country, and to assist in 
the scientific classification of the public 
lands, this informative type of map 
serves very many useful purposes in 
engineering, scientific and industrial in- 
vestigations carried on by other govern- 
ment bureaus, state and municipal 
ag('ncie.s, business organizations and pri- 
vate individuals. In the succeeding 
paragrajihs are set forth a few examples 
of concrete and beneficial applications 
of these maps in the solution of varied 
problems. 

Topographic base maps afford the 
geologist a medium through which he 
can make the results of his field investi- 
gations usable by others. They help him 
to solve fundamental regional problems 
and to interpret broad structural condi- 
tions in areas where coal, oil and gas 
exist. They make his task much easier 
in the search for potash, phosphates, 
copper, lead, zinc or other ores or min- 
erals essential to modern industry. It is 
estimated that a first-class topographic 
base map saves at least 60 per cent, of 
the geologic investigator’s time in his 
field work. This is especially true where 
large-scale base maps are available for 
detailed studies of rock structure in 
mineralized areas. 

A great saving in highway construc- 
tion can be effected if the availability 
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and quality of road-building material 
are kriOAvn. A trained geologist engaged 
in work on road material can, with the 
aid of a topographic base map, locate 
new and better deposits of gravel, lime- 
stone, shale, disintegrated granite, sand 
or clay. Such a survey can be con- 
ducted in 25 to 50 per cent, of the time 
necessary where a topographic base map 
is not available. This is particularly 
true in the locating of limestone and 
shale quarry sites. The geologist can 
spot on the map those places where the 
elevation and topography favor tlie de- 
velopment of a quarry. He can deter- 
mine the feasibility of haul from the 
quarry site to the project on which the 
material is to bo used. Or he can, as was 
exemplified near Superior, Wisconsin, 
concentrate the search for a desired type 
of gravel in the most favorable localities 
in wooded areas by identifying on the 
topographic base map the topographic 
forms that typify gravel deposits. Such 
a thorough study of available developed 
and undeveloped highway material has 
produced a saving in the State of Wis- 
consin's highvray-const ruction program 
of $231,000 in 1028 and $212,000 in 
1929 on 240 miles of paving. 

To the angler, topographic base maps 
have very interesting uses in lake re- 
gions. In limnologic studies a knowl- 
edge of the area, depth and elevation 
above sea-level of lakes is desirable. 
These data combined with an analysis of 
the water determine the presence and 
the quantity of plankton, bottom forms 
and other material on which various 
species of fish feed. The presence or 
absence of fish food has a direct bearing 
on the abundance of fish in the lakes. 

In the settlement of controversies over 
state and private boundaries or in the 
preservation and determination of old 
boundary lines topographic base maps 
assist the courts in dealing fairly. In 
very old communities, in which settle- 
ments and titles have developed without 
regard to surveys and many natural 


monuments upon which descriptions of 
boundary lines and titles to land depend 
have completely disappeared, accurate 
topographic base maps resulting from 
fundamental field surveys arc the me- 
dium through which it is possible to 
redetermine boundaries to accord with 
recorded titles. 

Local authorities of to-day find maps 
just as useful for purposes of taxation 
as th(*y were in Babylonian times. The 
valuation officer is able to make a fairer 
estimate of the value of taxable prop- 
erty if he has at hand topographic data 
that show the location of the jDroperty in 
relation to other tracts of land and give 
him authentic information with respect 
to its elevation and drainage and its 
suitability for agricultural or other 
purposes. 

A state or county government can 
well afford to postpone the solution of 
any drainage or irrigation probhuns un- 
til exact topographic information in the 
form of topographic base maps is avail- 
able. Any att(*mpt to plan a drainage 
and irrigation system without such a 
map would be mere guesswork and 
costly to the taxpayer. The greatest 
obstacle to the agricultural development 
of the Cliilf coast and part of the Atlan- 
tic coastal section is the lack of natural 
drainage. I4ie success of local drainage 
districts has been limited largely by fail- 
ure to attack the drainage problem on a 
scale large enough to embrace a suffi- 
cient area — a whole county or a group 
of counties — because exact topographic 
data were not available in advance. 

The ecuiiomic value to highway engi- 
neering of accurate topographic infor- 
mation is illustrated in the final location 
of a highway from LaFollette to Jollieo, 
Tennessee. The best preliminary trial 
survey possible had been made by the 
state highway department, resulting in 
the location of a road 26.3 miles long. 
Later a topographic base map of a belt 
of country between these two cities was 
made, and a now highway location with 
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no grade over 6 per cent, was worked 
out. The new location was 7.3 miles 
shorter than the other, which meant a 
saving of over $200,000 in construction 
costs, and there was an additional sav- 
ing of $2,000 in making the final loca- 
tion by having at hand the base map to 
direct the field party. With the physio- 
graphic features correctly delineated on 
a map of the belt of country through 
which he desired to project his road the 
highway engineer was able to consider 
his problem in a broad way and, like the 
geologist, to solve with ease a funda- 
mental rc’gional problem in a mountain- 
ous country. 

In railway location the topographic 
base map finds its primary value as a 
substitute for reconnaissance in prelimi- 
nary surveys. Instead of the usual 
method of reconnaissance, a set of topo- 
graphic base maps, if available, is ob- 
tained and enlarged to a workable scale, 
and a study is then made of the most 
feasible layout. Profiles are carefully 
prepared from the contour lines and in- 
termediate elevations are interpolated 
with remarkable accuracy, so that esti- 
mates of necessary earthwork, culverts, 
bridges, etc., can be compiled. 

The great value to a state of a com- 
plete set of base maps of its entire area 
will be increasingly evident from year 
to year The State of California has 
available a set of maps covering all the 
Sacramento River Valley and about 90 
per cent, of the San Joaquin River Val- 
ley. During the past year the Division 
of Water Resources of the California 
Department of Public Works has car- 
ried on investigations at a great saving 
to the state with the aid of this set of 
maps, and recently it completed in a 
very short time the classification of the 
lands in these valleys. With the funds 
available a wholesale classification such 
as this could not have been made with- 
out the maps. They are indispensable 
and in constant use. In flood control, 
reclamation and river rectification they 


are the first maps to be consulted and 
generally furnish all the information 
necessary as to general location and 
carry the only available topographic in- 
formation upon which to base prelimi- 
nary studies. 

In field investigations of the Public 
Health Service topographic base maps 
arc of tremendous use in carrying on 
demonstrations of malaria control. 
They aid in laying out the most econom- 
ical anti-malarial drainage schemes or in 
picking out the most advantageous 
places at which to carry on anti-mos- 
quito investigations. Such work can be 
usually completed in a few weeks by the 
aid of these maps, whereas it is esti- 
mated that two years would have been 
required without them. In 1929 the 
Public Health Service was called upon 
to make a mosquito production survey 
of the eastern part of Massachusetts. 
Through the aid of topographic base 
maps the service was able to do its part 
of the work in less than a week. If 
these maps had not been available, one 
trained worker would have found it 
necessary to devote an entire season or 
else have failed in the work altogether. 
It is estimated that without the aid of 
such maps not more than one half of the 
area could have been successfully 
covered. 

In planning studies of stream pollu- 
tion and natural stream purification and 
interpreting the data obtained, topo- 
graphic base maps are of great assist- 
ance. The value of such maps is appre- 
ciated where they are not available and 
less detailed and less reliable maps must 
be obtained from other sources. In the 
studies of existing sources of stream 
pollution affecting the public health 
they indicate the allocation of the popu- 
lation within and without the stream 
basins, the density of population per 
square mile in each drainage basin, the 
location and grouping of urban popula- 
tion having domestic sewage as the main 
source of pollution, the sections of the 
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basins which may be rural in character 
and in which pollution may be caused by 
surface drainage, the possible pollution 
from waste-producing industrial plants 
and the distances along water courses to 
sources of pollution. In the collection 
of hydrometric data for analyzing water 
from such streams, topographic base 
maps indicate the general topography in 
a drainage basin and give to the expert 
reliable data upon which to base an esti- 
mate of the rapidity with which run-off 
will occur from the different parts of 
the basin. The resulting surface erosion 
has a direct effect on the turbidity of the 
water and the chemical and bacteriologic 
analysis of samples. By the delineation 
of the swamps, ponds, lakes, reservoirs, 
etc., the maps assist materially in the 
interpretation of chemical and bacterio- 
logic findings. Changes in the width of 
streams, the character of the stream 
banks and the flood plains, the position 
of waterfalls, dams, dikes, sluices and 
islands, the slopes of river beds and 
many other pertinent features are all 
represented by symbols on topographic 
base maps and are factors in the selec- 
tion of points for collecting water sam- 
ples for chemical and bacteriologic 
analysis. The maps indicate the loca- 
tion of railway and highway bridges 
from which samples may be collected, 
the proximity of communities and rail- 
roads to sampling points for shipping 
water samples and the location of prob- 
able sources of pollution above or below 
which sampling stations should be 
located. 

Plant quarantine is established to 
protect the agricultural resources of the 
country and therefore affects the well- 
being of the whole people. In the re- 
cent campaign against the Mediterra- 
nean fruit fly in Florida, wherever 
topographic base maps were available 
(only about 8 per cent, of the state, or 
4,700 square miles, has been adequately 
mapped) it was an easy matter to locate 
and plot the infested areas and plan 


prompt eradication measures. The U. 
S. Department of Agriculture in its 
plant quarantine and control adminis- 
tration has advantageously used topo- 
graphic base maps. The accurate loca- 
tion of lakes, ponds, streams and high- 
ways, whether used or abandoned, and 
the representation of elevation by con- 
tour lines are particularly useful in its 
moth-control campaign during the 
spraying season. In mountainous and 
sparsely settled sections of the country 
certain methods of carrying on field 
work may be modified to conform to 
some peculiarity of the country as 
brought out on the map. In the cam- 
paign for the eradication of the pink 
boll worm the maps assist in locating 
canyons 'where plants related to cotton 
might grow and to trace out wdnd cur- 
rents that carry the moth. Topography 
has a definite relation to temperature, 
wind and other climatic factors and to 
metoorologic conditions affecting the 
development and behavior of insects. 
Topographic base maps are used suc- 
cessfully in tracing the places where the 
Mexican bean beetle hibernates in the 
mountains at some distance from the 
bean fields. They are of great assistance 
in the study of bioclimatios, which re- 
lates to the general relation of climate 
to the distribution and abundance of 
insects. Bioclimatic areas can be read- 
ily outlined on topographic base maps 
without extensive field surveys. In the 
eradication of Texas fever among cattle 
topogra])}nc base maps have been inval- 
uable in (‘stablishing a drift fence along 
the California-Mexico international 
boundary. Topography affects rainfall 
and other climatic conditions and thus 
has a bearing on the distribution and 
prevalence of various parasites of live 
stock, especially on the spread of eggs 
and larvae of parasitic worms. A good 
preliminary study of topographic condi- 
tions in infested areas can easily be 
made with the aid of these maps. 



SOLID MATTER: WHAT IS IT, AND WHY? 

By Dr. MAURICE L. HUGGINS 
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Solids dilfor chiefly in the kinds of 
atoms of which they are composed and 
in the arrangement of these atoms in 
space. A study of what solids are is 
largely a study of the nature of these 
arrangements and the properties of the 
different kinds of atoms when in such 
arrang(‘ments. A study of why solids 
are, and in particular why the particular 
arrangements of atoms which exist do 
exist, involves primarily the study of the 
structures of atoms and the nature and 
magnitude of tlie forces producing com- 
bination between atoms. T shall there- 
fore begin tliis f)aper by mentioning 
those known facts about the structures 
of atoms which are of particular impor- 
tance in connection with the problem 
under discussion.^ 

It is generally agreed now that all 
atoms are composed entirely of pro- 


negative charges. The protons are all 
concentrated, with some of the electrons, 
in tlie small nucleus in the center of the 
atom. Those electrons not in the 
nucleus are distributed among various 
shells around the nucleus. (The sort of 
motions tlu'y are describing need not be 
considered for our purpose; for sim- 
Iilicity we may tr(»at them as if they 
were in definite fixed positions.) The 
electrons which are of primary impor- 
tance in holding atoms together in mole- 
cules and in solids are those in the outer- 
most, or valence shell. These electrons 
we call ‘S^alenee electrons,’’ and desig- 
nate everything inside the valence shell 
by the word ‘‘kernel.” 

The kernels of atoms may be classified 
according to their charge, or in other 
words, according to the number of va- 
lence electrons with which they must be 
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tons — relatively heavy positive electric 
charges, and electrons— relatively light 

1 For a fuller treatment see Lewis, J. Am. 
Chem. Soc. 38, 762 (1916); Lewis, “Valence 
and the Structure of Atoms and Molecules, “ 
Chemical Catalog Co., New York (1923) ; or 
Huggins, J. Chem. Educ. 3, 1110, 1254, 1426 
(1926); 4, 73 (1927). 


surrounded to produce neutral atoms. 
(Table I.) Thus helium, neon, argon 
and the other rare gases have kernels 
with no charge at all (and so they have 
no valence shells) ; atoms of the alkali 
metals all have kernels with one unit of 
positive charge; atoms of the alkaline 
140 
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earths have doubly charged kernels ; 
boron and aluminum kernels have three 
plus charges; carbon and silicon four; 
nitrogen and phosphorus five; oxygen 
and sulfur six and the halogens seven. 
Osmium, in osmium tetroxide, and ru- 
thenium, in ruthenium tetroxide, prob- 
ably have kernel charges of ^8. 

A positively charged kernel attracts 
and sometimes holds valence electrons, 
the attraction being greater, in general, 
the greater the charge on the kernel. 
The magnitude of this attraction de- 
pends of course to some extent also on 
the size of the kernel, the distribution of 
electrons within it, the number and ar- 
rangement of other valence electrons 
around the kernel, etc. 

Electrons in the valence shells of 
atoms, undoubtedly be(*ause each is 
spinning about its own axis and so is an 
elementary magnet, tend to pair off. 
Two single electrons in a valence sliell 
seem to attract each other, but two pairs 
apparently mutually repel one another. 
This repulsion seems to limit the num- 
ber of electron pairs wdiieh can be firmly 
held in an atomic valence shell. It is 
found that four pairs is the usual limit, 
although quite a number of cases of six- 
and eight-pair valence shells are also 
known, especially around kernels of 
small positive charge. 

Although the tendencies of valence 
electrons to form pairs and of atomic 
kernels to be surrounded by stable va- 
lence shells — usually containing four 
electron pairs — are the major causes of 
combination between atoms, we should 
also bear in mind that even an atom in 
which these tendencies have been satis- 
fied has some attraction betw^een the 
positive parts of one atom and the nega- 
tive parts of the other and in some cases 
as the result of the interaction of the 
magnetic fields surrounding each atom. 
These attractions, to which we may f>ive 
the term ‘^residual affinities” are often 
far from negligible. 


Let us now consider the forces be- 
tw’cen like atoms, starting with those 
having a kernel charge of zero (the rare 
gases). It is evident that the only at- 
tractions between such atoms arc the re- 
sidual affinities just mentioned, and as 
these are weak, w'C should expect these ele- 
ments to be gaseous except at very low 
temperatures. In the liquid state the re- 
sidual affinities between the atoms are 
strong enough to hold them together 
w'lthin a small volume but not sufficient 
in magnitude nor sufficiently localized 
to maintain them in fixed positions rela- 
tive to each other. On solidification we 
should expect the atoms to arrange them- 
selves in some regular fashion with the 
atomic centers far apart relative to the 
size of the kernels. If so, the shape of 
the kernel should not be of much impor- 
tance in determining the type arrange- 
ment, and it is therefore not surprising 
to find that the structure of solid argon’*, 
and xenon'’, as determined by X-rays, is 
that which w^ould be assumed by any 
atoms of sph(»rical symmetry — an ar- 
rang(*ment in which each atom is sur- 
rounded by as many as possible (that is, 
twelve) of the other kind, commonly 
knowm as the cubic close-pack(*d ar- 
rangements. 



Fig. 1. A small section (one and one 

HALF UNIT cubes) OF THE PACE-CENTERED CUBIC 
OR CUBIC CLOSE-PACKED STRUrTURE. KACH ATOM 
IS EQUIDISTANT PROM 12 OTHERS. 

2 Except as otherwise indicated, crystal struc- 
tures referred to are described in Int. CMt. 
Tables, T, pp. 338 et seq, 

2Natta and Nasini, Natvre 125, 457 (1930). 
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Pig. 1 shows the distribution of 
atomic centers in a small section of such 
a crystal. In the complete crystal, sec- 
tions like this are set face-to-face, con- 
tinuing the structure in all directions. 
The lines are of course only to aid in 
visualizing the spatial relationships. 
The ** close-packed*’ nature of such an 
assemblage is most evident if one consid- 
ers the arrangement of atoms in planes 
normal to the cube diagonal (Pig. 2). 



Fig. 2. Representing a layer or spheres 
IN the close-packed arrangements. The 
centers or spheres in the second layer 
ARE OVER THE PULL DOTS. ThE SPHERES IN 
THE THIRD LAYER ARE OVER THE SMALL OPEN 
CIRCLES, IN CirmC CLOSE-PACKING, OR OVER THE 
SPHERES IN THE FIRST LAYER, IN HEXAGONAL 
CLOSE-PACKING, 

Atoms of the halogens have kernel 
charges of *7. The attraction for va- 
lence electrons is large, resulting in a 
strong tendency toward the formation 
of “complete” valence shells, containing 
four pairs of electrons. This tendency 
is satisfied, according to the theory of 
G. N. Lewis and according to the best 
experimental evidence, by the sharing 
of a pair of electrons between two atoms. 
(Pig. 3A.) In the halogen molecule 
thus formed the major tendencies of the 
atoms are satisfied, so the forces between 
molecules are relatively weak and the 
melting points and boiling points are 
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Fig. 3. Illustrating the completion or 

EIGHT-ELECTRON VALENCE SHELLS BY THE FOR- 
MATION OP SINGLE, DOUBLE AND TRIPLE BONDS, 
AS IN F„ Oj AND N,. The small circles 
REPRESENT PAIRS OF VALENCE ELECTRONS. 

low (compared with those of most of the 
other elements). Moreover, in iodine, 
the only one of the solid halogens whose 
crystal structure has been determined,^ 
the atoms are in pairs and the distance 
between two atoms of a pair is less than 
that between two atoms in different 
pairs. 

The oxygen kernel, with a net charge 
of **6, also exhibits a strong tendency to 
obtain 8-electron valence shells. This 
tendency can be satisfied by sharing two 
pairs of electrons between two atoms, 
thus forming a double bond. (Pig. 3B.) 
Similarly, nitrogen kernels with charges 
of ^5, form Nn molecules containing 
triple bonds. (Fig. 3C.) These 0^ and 
Ng molecules do not have much attrac- 
tion for each other, and we know that 
oxygen and nitrogen have low melting 
and boiling points. 

Now it seems to be a general rule (first 
pointed out by Lewis’) that atoms of 
other than those in the first row of the 
periodic table do not readily form double 
or triple bonds. The tendencies of 
sulfur and selenium and tellurium atoms 
to obtain 8-electron valence shells can be 
satisfied however by the formation of 
rings, in which each atom shares elec- 
tron-pairs with two others. Six-atom and 

4 Harris, Mack and Blake, /. Am, Chem, Soo,. 
30, 1583 (1928). 


SOLID MATTEE: WHAT IS IT, AND WHY? 


143 


8-atom rings (Fig. 4) are possible with- 
out much distortion of the atoms or of 
the bonds between them, and such rings 
undoubtedly exist in sulfur vapor. The 
crystal structures of none of the forms 
of elementary sulfur have been com- 
pletely worked out, but it is probable 
that in the ordinary forms there are 
molecular units of one or the other or 
both of these types. 

In crystals of metallic selenium and 
tellurium X-ray studies® show that the 
atoms have satisfied their tendencies to 



Fig. 4. 6-atom and 8-atom rings, such as 

PROBABLY EXIST IN S, AND S. MOLECULES, 
SHOWN IN PLAN (UPPER PIGURES) AND IN 
ELEVATION (LOWER riOURES). TlJE SMALL CIR- 
CLES REPRESENT PAIRS OP VALENCE ELECTRONS. 
For SIMPLICITY the structures ARE DEPICTED 
AS THEY WOULD BE IT THE ATOMS WERE 
REGULAR (UNDISTORIED) TETRAHEDRA, 

obtain 8-electron shells by forming 
spirals of atoms (Fig. 5) extending 
from one side of the crystal to the oppo- 
site side. Every atom (except those at 
the ends of the spirals) is bonded, by 
shared electron-pairs, to two other atoms 
in the same spiral. The distances be- 
tAveen atoms in different spirals are rela- 
tively great and the forces between spi- 
rals relatively weak. These spirals fur- 
nish an example of what Lewis has called 
‘‘continuing molecules,’’ the size of 
which is limited only by the size of the 
crystal. 

Phosphorus, arsenic, antimony and 



Fig. 5. Representing a two-dimensional 

STRUCTURE ANALOGOUS TO THE STRUCTURE OP 
Se AND Te CRYSTALS. 


bismuth, like nitrogen, have kernels, 
with not charges of -"5. The first three 
of tliese form 4-atom molecules, prob- 
ably having structures such as repre- 
sented in Fig. G,with only single bonds be- 
tween the atoms.’ These elements all also 



Fig. 6. ’! riE probaule structure or the 

MOLECULES OF P^, AB4, Sb^ AND C4 . FoR 

SIMPLICITY THE ATOMIC VALENCE SHELLS ARE 
RKPUE.'sENTED as REGULAR TETRAHEDRA. 

cA tetrahedral arrangement of atomic centora 
has been found for the - - - ion in c.ilciuiii 
carbide, CnjC 4 , by Dehlingor and Glocker, Z, 
Krut. 04, 296 (1926). Moreover, \\hite phos- 
phorus, which gives P 4 molecules on disaolving 
or vaporizing, forms cubic crystals, as might 
bo oxpcctod of tetrahedral molecules. 
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form* continuing molecules in which the 
atoms are in layers, with each atom 
bonded by single bonds to three others 
within the same layer (Fig. 7). The 



FlO. 7. A LAYER or THE STRUCTURE OP THE 
RIIOMBOHEPRAL PORMR OP P, As, Sb, AND Bi, 
SHOWN IN PLAN AND ELEVATION. 


atoms within each layer are tightly 
bonded together, while the layers are 
held togetlier only by much weaker re- 
sidual forces. 

Atoms such as those of carbon, silicon, 
germanium and tin, with kernel charges 
of ^4, can obtain stable valence shells 
consisting of four electron-pairs at tetra- 
hedron corners (in the absence of other 
kinds of atoms) only by forming three- 
dimensional continuing molecules such 
as that in the diamond crystal* (Fig. 8). 
Each atom throughout the crystal is 
bonded to four others. 

Such 8-electron valence shells are not 
possible when all the atoms have kernel 
charges of three or less, for the number 



CRYSTAL. 

of electrons required to balance such 
charges is insufficient With kernels 
having such small charges Ihe attrac- 
tions for valence electrons are relatively 
weak. The distances from atomic cen- 
ters to valence electrons, and also those 
between adjacent atomic centers, are 
relatively large, and the arrangements 
usually assumed are the ‘‘close-packed^^ 
arrangements— in which each kernel is 
surrounded by twelve others (Fig. 2). 
In a number of instances, probably to 
give a more stable c(iuilibrium distribu- 



MENT, POUND FOR A NUMBER OP METALS, IS 
SIMILAR, EXCEPT THAT ALL THE ATOMS ARE 
ALIKE. 
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tion of the valence electrons, the cen- 
tered-cubic arrangement (Fig. 9), in 
which each kernel is surrounded by 
eight others, is found. The best evi- 
dence indicates that the valence elec- 
trons are in oscillation or rotation about 
equilibrium positions between the ker- 
nels, with several kernels around each 
electron and several electrons around 
each kernel. Whether or not these elec- 
trons are paired is still a moot question. 

Let us consider now the structures of 
crystals of compounds. If all the atoms 
can obtain complete valence shells by 
sharing electron pairs between them, 
forming small molecules, such as CCI4, 
Snl^ and CO2, the forces between these 
molecules will be quite weak, and liquid 
and crystal formation should take place 
only at relatively low temperatures. 
We should expect such molecules to per- 
sist as definite entities within the crys- 
tal, and that is found to be the cfise.* 
The exact distribution of molecules in 
the solid depends of course on the nature 
of the distribution of the residual forces 
between them. 

Atoms with the larger kernel charges 
(6 or 7) sometimes comjdetely remove 
electrons from atoms with small kernel 
charge (1 or 2), thereby producing ions. 
Each ion so formed has an attraction for 
ions of opposite charge. As a result of 



ARRA]SrOE.&CENT. 


this attraction and of the mutual repul- 
sion between like-charged ions, the ions 
come together in solid arrangements 
such as those of cesium chloride^ (Fig. 
9) and sodium chloride* (Fig. 10). In 
the former each ion is surrounded by 
eight of the other kind and in the latter 
by six. The cesium chloride structure 
is the one one would expect of ions of 
the same size having spherical symmetry 
or of non-spherical ions small in size 
compared with the distance between 
them; the existence of the sodium chlo- 
ride type in which like ions form a close- 
packed assemblage, can be attributed to 
a considerable difference in size. 

A still greater difference in size may 
be the chief factor producing the struc- 
ture of Fig. 11 for cuprous chloride,^ 



TORE or CnCl, ZnS and many other com- 
pounds. For oreatest stariuty one would 

EXPECT THE VALENCE ELECTRON PAIRS TO BE ON 
THE ATOMIC CENTERLINES, BUT MORE TIGHTLY 
BOUND TO THE Cl OR S THAN TO THE Ou OR Zn. 

CuCl, and many other compounds, but 
it may also be that there is a definite 
tendency for the cuprous kernel — like 
many kernels of greater positive charge 
— to be surrounded by four-pair valence 
sliells. This arrangement is like the 
diamond arrangement (Fig. 8) except 
that there are two kinds of atoms and that 
the valence pairs are much more tightly 
held by the chlorine kernels (charge * 7 ) 
than by the copper kernels (charge +1). 
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Ammonium chloride, NH 4 CI, has two 
different forms of structure.* The one 
stable at higher temperatures has a dis- 
tribution of ions like that in sodium 
chloride. That stable at lower tem- 
peratures has the cesium chloride type 
of structure. In both forms each nitro- 
gen is surrounded tetrahedrally by four 
hydrogens. The low temperature form 
is particularly interesting in that each 
hydrogen is probably on a nitrogen- 
chlorine centerline, and may be consid- 
ered to be bonded to both by means of 
valence electron-pairs. (See Fig. 12 .) 



Fio. 12 . The unit cube op the low-tem- 
perature FORM OF NH 4 CI. The tetrahedra 
OF VALENCE ELECTRON PAIRS AND OF HYDROGEN 
NUCLEI (the smaller FULL DOTS) ARE ORIENTED 
AROUND THE NITROGEN AND CHLORINE KERNELS 
(the large FULL DOTS AND OPEN CIRCLES) IN 
SUCH A WAY AS TO GIVE GREATEST ELECTRO- 
STATIC STABILITY. 

Crystals of any of the compounds 
mentioned above can be pictured as 
being formed either from ions or from 
neutral molecules. The molecules, though 
neutral when considered as a whole, 
would be polar/ ^ the more electro- 
positive atoms (those with small kernel 
charge) having but one or two electron- 
pairs in their valence shells and the more 
electronegative atoms (those with large 
kernel charge) having one or more va- 
lence pairs which are not acting as 


bonds between atoms. The attraction 
between the kernels of the positive atoms 
and the lone pairs in the negative atoms, 
or, more generally, the tendency of each 
electropositive atom to be surrounded by 
electronegative atoms, and vice versa, 
causes the molecules to come together in 
the arrangements described. 

Applying these ideas to the structure 
of ice, we see a reason for the structure® 
deduced from X-ray data. The molecule 
we may represent as H ; 0 : . The at- 

ii 

tractions between the hydrogen kernels 
and the ‘‘lone pairs’’ in the oxygen 




Fig. 13. The structure of ice, shown in 

PLAN AND ELEVATION. FiJLL DOTS DENOTE THE 
POSITIONS OF THE HYDROGEN ATOMS, LARGE OPEN 
CIRCLES OXYGEN, SMALL CIRCLES VALENCE ELEC- 
TRON PAIRS. 

0 W. H. Bragg, Proc, Phys, Soo, 34, 98 
(1922), Barnes, Proc, Roy, Soc, A125, 670 
(1929). 
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valence shells cause these molecules to 
aline themselves in such a way as to 
surround each oxygen tetrahedrally by 
four hydrogens, each of the hydrogens 
being midway between two oxygens. 
(Fig. 13.) 

Another example is that of mercuric 
iodide,^ : f : Hg : T which crystallizes in 
layer molecules*^ in which each mer- 
cury is bonded tetrahedrally to four 
iodine atoms and each iodine to two mer- 
cury atoms. (Fig. 14.) 

In ordinary quartz" it is found simi- 




ATOMS IN THE Hgl, CRYSTAL, REPRESENTED BY 
PLAN AND ELEVATION. LARGE DOTS DENOTE Hg 
CENTERS, LARGE OPEN CIRCLES I CENTERS. 

T Huggins and Magill, J. Am. Chem. Soc, 49, 
2357 (1927). Bijvoet, Claassen and Karssen, 
Proc. Hoy, Acad. Sci. Amsterdam 29; 529 
(192G). 

« Huggins, Phys, Rev. 19, 303 (1922). Lewis, 
Valence, etc.'', Ref. 1, p. 94. W. H. Bragg, 


larly that each silicon is bonded to four 
oxygens and each oxygen to two silicons, 
the whole crystal in this case being a 
single molecule. That both silicon and 
oxygen kernels (with four and six plus 
charges respectively) hold very tightly 
to the valence pairs between them is evi- 
denced by the insolubility, high melting 
point and hardness of the substance. 

Up to this point I have discussed only 
the arrangement of atoms in certain 
molecules and in perfect crystals. I 
wish now to mention certain types of ir- 
regularity, with their causes and effects. 

Some crystals i^osses such a structure 
that it is fairly easy for slipping to oc- 
cur between adjacent planes of atoms in 
certain directions (e.g., between the 
layers of atoms in the closc-packed ar- 
rangements, Pig. 2), the relative ar- 
rangement of the atoms on both sides of 
the ^‘slip plane or “glide plane “ being 
the same before the slip as after. This 
can not of course occur if the shift in- 
volves any breaking and remaking of 
tight bonds. If the forces between the 
layers which are slipping past each other 
are not strong enough to hold them to- 
gether, or in the absence of slipping, if 
the forces between two adjacent layers 
are sufficiently weak, the plane between 
them is a cleavage plane. In some cases, 
as in the “layer molecule’’ crystals, I 
have mentioned — phosphorus, arsenic, 
antimony, bismuth, mercuric iodide — 
cleavage is very easy to bring about. In 
single crystals of the metals, glide planes 
or cleavage planes or both are the rule 
rather than the exception. 

In thr* growth of a crystal there are 
sometimes two or more ways in which an 
atom can add to the crystal surface 
which satisfy equally well (or nearly so) 
the forces between it and other atoms. 
For instance, imagine a crystal of a 
metal in process of formation. (See 
Pig. 2.) After two layers have been 

J. Soc. Glass Technology 9, 272 (1925). Gibbs, 
Proc. Roy. Soo. AllO, 443 (1926). 
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formed, the atoms in the third layer 
might place themselves either directly 
over those in the first layer or over the 
holes between the atoms in the first two 
layers. If the former, and the process 
is continued indefinitely, the atoms in 
each layer being directly over those in 
the second layer underneath, a crystal 
having the ‘‘hexagonal close-packed’^ 
structure results. If the layers are 
added so that the fourth layer is over 
the 1st, tlie 5th over the 2nd, the 6th 
over the 3rd, etc., the “cubic close- 
packed” structure is produced. If a 
crystal starts to be cubic-close-packed 
and then one layer “goes wrong,” the 
subsequent layers however following the 
original scheme, a “twinned” crystal re- 
sults, the whole crystal being symmet- 
rical about the plane of twinning. 

Another example of twinning (in a 
hypothetical two-dimensional crystal) is 
illustrated by Pig. 15. Imagine a two- 



Fio. 15. Illt^stratino twinning in a nypo- 

THETICAL TWO-DIMENSIONAL STRUCTURE. 


dimensional crystal growing regularly 
in the vertical direction. One of the 
atoms happens to add in the wrong 
place, all the primary valence forces and 


most of the residual affinities being quite 
as well satisfied as if this atom had gone 
where it really belonged. This out-of- 
place atom causes others (all in a cer- 
tain row) to take up irregular positions. 
If the crystal then grows regularly 
again, a twinned structure such as that 
shown is produced. 

In an ordinary metal there is a great 
deal of twinning. In fact the arrange- 
ment is probably usually more nearly 
like what we would get if we dumped a 
large number of shot into a box. Wher- 
ever there is twinning, however, any 
cleavage planes or glide planes not paral- 
lel to the twinning plane must come to 
an end at that plane. Hence gliding 
and fracture arc much harder to pro- 
duce in ordinary pieces of metal than 
in single crystals — that is, the latter are 
“softer.” Gliding and cleavage can 
also be hindered to a large extent by the 
presence of small amounts of certain 
impurities, the added atoms serving to 
make the crystal planes irregular and to 
lock adjacent planes together. 

Glasses differ from crystals in that 
there is no regularity throughout in the 
whole mass — although each electroposi- 
tive atom is probably surrounded by 
electronegativo atoms and vice versa. 
They differ from liquids in that each 
atom seems to be held by quite rigid con- 
straints in or near a definite position of 
equilibrium. Being essentially different 
from both the crystalline and the liquid 
state (and also the gaseous state, of 
course), perhaps we should call the 
glassy state a “fourth state of matter.”® 

I wish to close with a brief considera- 
tion of the nature of wood. We all know 
that wood consists largely of cellulose 
fibers, between which and within which 
are water, resins and various organic 
and inorganic materials. The structure 
of cellulose has been the subject of spec- 
ulation and research for many years, but 

0 (7/. Parks and Huffman, Science, 64, 363 
(1926). 
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it is only recently that anything like a 
satisfactory solution has been attained. 
Studies^® of cellulose by X-ray means 
show that the structure is one containing 
long string molecules (Fig. 16), the 
atoms in each string all being held to- 
gether by primary valences. In this 
figure, the carbon atoms are represented 
by black dots, the oxygen atoms by cir- 
cles. Hydrogens are not shown, but are 
attached to each oxygen exci*pt those in 
the rings and to each carbon not other- 
wise bonded to four atoms. Such a 
structure, although possibly incorrect in 
some details, accounts well for the pliys- 
ical properties of cellulose, its swelling 
— due to absorption of water — in direc- 
tions perpendicular to the fiber axis, 
its cliemical properties, etc. 

Although it has not been possible to 
go very deeply into the subject in this 
paper, perhaps enough has been pre- 
sented to give an idea of the sort of in- 

10 Sponsler and Doro, ^'Fourth Colloid Rym- 
posium Monograph, '' Chorn. Cat. Co., New 
York (192(5), p. 172; J. Am. Chem. Soc. 50, 
1940 (1928). Herzog, J. Phys. Chem. 30, 457, 
(1926). 


formation which is being obtained nowa- 
days in regard to the nature of matter 
and to give an indication of the mar- 
velous results which are sure to follow 
further application of X-ray and similar 
methods to the study of such problems. 



Fic. 1(5 Rkpkeskntino the structure or 

CELLULOSE. 



SOME OBSERVATIONS ON BUTTERFLY 
MIGRATIONS 

By AUSTIN H. CLARK 

U. S. NATIONAL MUSEUM 


Great multitudes of butterflies flying 
steadily onward in a definite direction 
after the fasliion of the flocks of birds 
which witli us pass south in autumn and 
return in spring, have often been re- 
ported. Indeed, in many regions these 
mass movements of the butterflies are so 
very striking that no one can fail to 
notice them. 

The term migration commonly ap- 
plied to these linear group movements 
of the butterflies is a rather unfortunate 
one, as it implies a comparison with the 
migrations of birds, with which they 
have little in common except that they 
are movements measurable in geograplii- 
cal terms. 

Bird migrations are typically move- 
ments of a very definite nature from the 
breeding grounds to another region 
more or less remote and back again, 
usually by the same path. In the case 
of birds the round trip is completed 
several or many times in the life of each 
of the individuals, and furthermore the 
movement usually involves all the indi- 
viduals of a species in a given breeding 
area. 

Butterfly migrations rarely involve 
more than a portion, and often only a 
relatively small portion, of the individ- 
uals in any given region. So far as the 
individuals are concerned, the migra- 
tions are in one direction only, and so 
far as the species is concerned, there is 
seldom any definite indication of a re- 
turn movement. 

There are also other differences be- 
tween the migrations of birds and the 
so-called migrations of butterflies — ^but 
there are also some curious corre- 
spondences. 


The problem of the so-called migra- 
tions of butterflies is a very complex one 
involving a great number of diverse fac- 
tors, both external and internal. The 
internal factors vary more or less widely 
not only in the different groups of but- 
terflies but also in closely related species 
within small groups, and in seasonal or 
other alternative forms within a species. 
The nature and relative importance of 
the external factors vary with the dif- 
ferences in the habits and reactions of 
the different speeic^s, and of the forms 
within a species. 

In some butterflies migration is a 
regularly recurrent, usually annual, 
phenomenon, while in others it takes 
place only occasionally. In some it is 
more or less characteristic of certain 
forms within a species but never occurs 
in an alternative form. 

It is })robable tliat many butterflies 
not usually so regarded arc in reality 
migratory, traveling always as indepen- 
dent individuals and chiefly at night. 

Most migratory movements among the 
butterflies seem to be traceable to three 
main causes — first, the natural propen- 
sity 0^^ a gregarious species to wander; 
second, the inability of the males of cer- 
tain species to live together if their 
number in a given area exceeds a more 
or less definite maximum, and third, the 
destruction of the food plant, or some 
other adverse circumstance affecting a 
more or less extensive region. 

Observations made within the past 
few years in and near the District of 
Columbia seem to have a definite bear- 
ing on the origin of the migratory move- 
ments of certain types of butterflies. 

The milkweed butterfly {Danais 
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plexippus) is normally not very common 
in this region at the present time, six or 
eight, perhaps as many as a dozen but 
seldom more, being seen in a large field 
at the end of the season. It was unusu- 
ally scarce in the dry summer of 1930. 
On September 15 in tlie extensive 
meadows west of Cabin John only four 
or five were to be found. 

On September 16 there was a heavy 
shower in the afternoon. On Septem- 
ber 17 these butterflies had enormously 
increased in numbers, and those present 
in the meadows were without exception 
quite fresh; furthermore, by far the 
greater part of those captured were 
males. A visit on the following day 
showed this insect to be still more 
numerous, outnumbering all the other 
kinds of butterflies combined, while of 
those captured a slight majority were 
fresh females. 

The appearance of great numbers of 
butterflies after a rain is a common and 
striking phenomenon in the tropics, 
where I have observed it in Venezuela, 
but it is not often noticed so far north 
as Washington. The name “storm 
fritillary “ sometimes applied to this 
butterfly in the country may refer to its 
sudden increase in numbers after heavy 
rains. 

On September 17 — the day of their 
first appearance in large numbers — the 
individual butterflies were more or less 
evenly distributed over the fields, feeding 
everywhere on the goldenrod and also on 
the few and widely scattered thistles. 
On the next day (September 18) condi- 
tions were about the same, but some- 
times as many as four or five would be 
seen about a single thistle. 

On the succeeding day (September 
19) it was noticed that the butterflies 
had to a certain extent become gregari- 
ous. They were no longer evenly dis- 
tributed over the fields, but were to be 
found in more or less widely separated 
areas where, for instance, from half a 


dozen to a dozen would be feeding on 
the goldenrod in a space ten or fifteen 
feet square, or from six to ten would be 
seated on the heads of a large thistle 
with others on the nearby goldenrod. 
Wliile in places two or three could be 
taken in a single sweep of the net, there 
would be none on the goldenrod for two 
hundred feet or more between the little 
companies of well-separated individuals. 

These little companies were constantly 
on the move. But they always moved as 
individual butterflies and never as if the 
company were a unit. A butterfly 
Avould start up and fly for perhaps fifty 
or a hundred yards, finally settling on 
a goldenrod some distance — five or ten 
feet perhaps — from another individual. 
Then a third would settle near those 
two, and pr(*tty soon another little coni- 
paiiy would be formed. Sometimes on 
being frightened a whole company 
would move oft* in the same general 
direction, but the individuals always 
seemed to scatter more or less. The 
procedure seemed to be, for the most 
part at least, a continuous forming, 
breaking up and reforming of small and 
loose aggregations of independent indi- 
viduals But it was noticeable that the 
majority of tlie butterflies would keep 
within a certain area which was contin- 
ually shifting north or south along the 
belt in which the goldenrod was most 
luxuriant. 

While most of the butterflies flew only 
a foot or so above the tops of the golden- 
rod, one was seen to drop from a great 
height, being first observed on the down- 
ward path about a hundred feet above 
the ground. 

On the following day (September 20) 
further changes had taken place. As 
we reached the field at half past two in 
the afternoon we saw, within a few 
minutes’ time, four butterflies from 
twenty to one hundred feet or more 
above the ground headed southward but 
drifting westward toward Great Palls 
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before a moderate wind. Some minutes 
later a butterfly which rose five or six 
feet away and which could not have 
been much friglitened mounted high 
into the air and departed in the direc- 
tion of Great Falls. These traveling 
butterflies were seen in the western end 
of the field, where the goldenrod is 
stunted and scattered and is not visited 
by the butterflies. 

In the more luxuriant portion of the 
fields the insects were more restless than 
they had previously been. They wan- 
dered about more and did not remain so 
long on the flowers. Also their numbers 
had decreased considerably. Most of 
them were now gathered into two flocks, 
a small one of two dozen or so individ- 
uals in the northern half of the field and 
a very much larger one in the southern 
half. Both flocks were more compact 
than any which wo had seen previously, 
and as many as four butterflies were 
often to be seen on a single goldenrod. 

The restlessness of the individuals in 
both flocks was quite apparent, for they 
frequently shifted their position by fly- 
ing a few feet. The increased sociabil- 
ity was also apparent. Whenever an 
individual which was flying over the 
field alighted we always found that it 
had alighted near another, or near sev- 
eral. The butterflies could not, how- 
ever, be decoyed by a dead individual, 
as is so easily done in the case of the 
pierids and the swallowtails. 

In the later part of the afternoon in- 
dividuals were seen flying toward one or 
another of the small trees scattered 
about the fields. Examination of the 
trees, however, disclosed only a single 
butterfly clinging to a leaf about four 
feet above the ground. But we left be- 
fore the time these insects usually retire 
for the night. 

On September 24, just a week after 
their first appearance in numbers in the 
fields, these butterflies were noticed at 
various places in the city of Washing- 


ton, even in the business district. On 
the following day they were rather fre- 
quent about the city, always flying in a 
leisurely and aimless manner at a height 
of usually from eight to ten, but some- 
times from fifty to a hundred feet or 
more above the ground. Tliey remained 
frequent in the city until well into 
October. 

On September 26 another visit was 
made to the Cabin John meadows. In 
the northern half of the main field there 
were a few scattered butterflies feeding 
on the goldenrod — perhaps a dozen were 
seen in all. This is but little, if any, in 
excess of what would be expected at this 
date in a normal season. Half a dozen 
of the butterflies were caught. One was 
freshly emerged, with the violet irides- 
cence at the maximum brilliance, and 
the others were all fairly fresh — two or 
three, one possibly four, days old, judg- 
ing from the condition of the iridescence 
on the fore wings. Certainly none of 
them had been on the wing for as much 
as a week. 

It was rather late in the afternoon 
and the insects were getting ready to 
spend the night. Those in the northern 
half of the field simply hung from a 
goldenrod or aster or one of the upper 
shoots of some other herbaceous plant as 
they always do when engaged in inten- 
sive feeding. 

There were none of these butterflies in 
the southern half of the field, but an 
examination of a grove of trees south of 
the field disclosed two which were flying 
about among the trees in a desultory 
sort of way and occasionally perching 
on the under side of small dead 
branches eight or ten feet above the 
ground. 

It was apparent that all the butter- 
flies which had emerged on September 
17 and 18 had left the fields, with the 
possible exception of the two seen in the 
adjacent woods, though these were very 
likely younger. So far as these fields 
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were concerned the unusual abundance 
of this species was a thing of the past; 
conditions had returned to normal. 

A peculiar fact in connection with the 
appearance of this butterfly in the 
meadows beyond Cabin John is that in 
these meadows its food plant is not to be 
found. The occurrence of this insect in 
great numbers in areas wholly devoid of 
the food plant has previously been 
noted. It would seem that immediately 
upon emergence the butterflies betake 
themselves to a locality abundantly sup- 
plied with suitable flowers, where they 
may gorge themselves with a minimum 
of effort. 

There is nothing in these observations 
that shows any departure from the nor- 
mal habits of this butterfly as it occurs 
throughout the season. The adult life 
is divided into two phases, a period of 
intensive feeding during which no sex 
instinct is manifested, and a longer 
period of extensive wandering appar- 
ently followed by reproduction, during 
which feeding is relatively infrequent. 

The flight of this butterfly is always 
leisurely and more or less direct, con- 
trasting strongly with the highly irregu- 
lar and angular hurried flight of nearly 
all our other butterflies. The males dis- 
play little or no interest in each other, 
and the individuals are always to some 
extent sociable. Males and females 
occur in equal numbers, and the habits 
and the flight of the two sexes are prac- 
tically identical. This species is par- 
ticularly fond of flying along the sea 
coast and along rivers at all times, and 
on any day throughout the summer 
wherever it is common individuals may 
be observed flying in a leisurely manner 
at a great height. Over water the 
flight is more rapid and direct than 
over the land, and the wings are moved 
continuously. 

If the multitudes of these butterflies 
at Cabin John were developing just as 
the same number of individuals scat- 


tered throughout the summer would 
have developed, it becomes evident that 
the so-called migrations of this butterfly 
are really nothing more than the collec- 
tive expression of the normal habits of 
each of the individuals taking part in 
the migration. A very large number 
emerging from the pupa at the same 
time naturally engorge themselves to- 
gether and then reach the traveling 
phase of their adult life simultaneously. 
So we sec in the air large numbers to- 
gether instead of merely isolated indi- 
viduals. The appearance of the milk- 
weed butterflies in swarms means 
simply, I believe, that something has 
occurred which has caused large num- 
bers to emerge* at the same time. 

The direction taken by these swarms 
in a migratory flight is usually more or 
less directly toward the south, and tliis 
is especially true in the central portion 
of the continent, where they are most 
conspicuous and most frequently ob- 
served. But they do not always go 
south. Two migrations have been re- 
ported from the vicinity of Washington. 
In one the butterflies were flying south 
across Chesapeake Bay in the face of a 
stiff breeze, and in the other they were 
flying north with the wind. Those that 
we saw were going west wdth the wind. 

It is most unlikely that the southerly 
direction of most of the migrations of 
this insect w^hich have been reported has 
more than a coincidental relation to 
geography. It is far more likely that it 
is merely a function of the prevailing 
wind plus the local geographical fea- 
tures, especially rivers and the sea 
coast. The migrations of this butterfly 
are probably mere aimless wanderings 
having their origin in the natural wan- 
dering habits and the tendency to fly in 
a straight line inherent in each individ- 
ual, and taking their direction from the 
prevailing late summer or autumnal 
meteorological conditions. 

There is no real evidence of a north- 
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erly migration in the spring. In the 
early spring this butterfly is singularly 
inconspicuous. The worn and faded in- 
dividuals fly very near the ground and 
are easily overlooked. They have been 
reported, however, from as far north as 
this insect is really common in New 
England. Furthermore the first brood 
appears in June at approximately the 
same time in New England and in the 
vicinity of Washington, which would 
scarcely be the case if they or their 
parents w('re immigrants into New 
England. The truth seems to be that, 
although most of them die during the 
winter, throughout the region where this 
butterfly is common a few survive and 
these survivors from the preceding year 
give rise to the next summer’s popula- 
tion. 

It is interesting to note that the abun- 
dance of the milkweed butterfly in 
eastern Massachusetts and southeastern 
New Hampshire in the autumn of 1888, 
just as the abundance in the vicinity of 
Washington in 1930, followed a summer 
in which the insect was unusually scarce. 

Another type of butterfly migration 
seems to originate in the inability of the 
males of certain species to live together 
in a given area if their number exceeds 
a certain maximum. 

Familiar to every one in late summer 
is the sight of a shrinking puddle sur- 
rounded by a muddy patch which is 
enlivened by a greater or lesser number 
of butterflies usually grouped in little 
companies, each company as a rule in- 
cluding butterflies of only a single kind, 
or at least of only a single color. The 
most conspicuous and most characteris- 
tic puddle butterflies in the more or less 
immediate vicinity of the District of 
Columbia are all pierids — Colias philo- 
dice, Eurema lisa, Catopsilia eubule and 
Eurema nicippe. 

In connection with puddle butterflies 
it is noticeable in the first place that 
they are all males, and in the second 
place that they are all freshly emerged. 


It is frequently observed that on the 
appearance of a new brood the males are 
first seen in numbers about the puddles, 
later becoming common in the fields. 

The occurrence of puddle butterflies 
seems to bear little relation to the 
amount of available water. In a nor- 
mal year puddle butterflies will collect 
in numbers shortly after a rain when 
thei’e can be no question of a sufficiency 
of w^ater in the fields. On the other 
hand, in the exceptionally dry summer 
of 1930 when the numbers of all the but- 
terflies wTre greatly reduced, the pud- 
dles and muddy patches in the vicinity 
of Washington w^re entirely deserted — 
not a single example of even the com- 
monest of our puddle butterflies was to 
be found about them. 

Tlie true explanation of the puddle 
butterflies seems to be that they arc 
young males from overpopulated areas 
in which they are incessantly tormented 
by other males and from which they 
escape to more peaceful surroundings. 
Requiring w’ater, they naturally resort 
to the puddles, about which, in the ab- 
sence of the rivalry excited by the pres- 
ence of females, they fail to develop 
their usual pugnacity and instead be- 
come gregarious, flocking with others of 
their kind or with males of several kinds 
until they become fully mature, when 
they either return to the field from 
which they were originally driven or, 
remaining more or less gregarious, wan- 
der away. 

The appearance of puddle butterflies 
— at least among the pierids — seems 
always to be evidence of an excess in the 
number of individuals of the species 
concerned in any given area. It is pri- 
marily evidence of a growing pressure 
of population — that is, of overcrowding. 

Many, perhaps most, of the young 
males seen about puddles are only tem- 
porary exiles, returning to the fields 
when they have sufficiently matured and 
as the older males die off. But it is 
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quite probable that many of them would 
be unable to find a place for themselves 
in the fields and would therefore be per- 
manently exiled. Such males would be 
very likely to wander — the males wan- 
der in any case — and in their wandering 
they would presumably fly in a more or 
less straight line against the wind, 
which is the usual habit of the individ- 
ual males of our common species when 
simply traveling. 

It is a reasonable assumption that 
surplus males of our two local pierids 
most given to migratory flights — 
Catopsilia eiihiilc and Eurema lisa — 
would normally wander away, flying 
primarily against the wind. Being gre- 
garious and very readily decoyed, even 
by crude paper imitations, other surplus 
males would tend to join them until 
finally a considerable number would be 
assembled in a loosely gregarious swarm. 
The nucleus of such a swarm might 
come from puddle butterflies, from ex- 
iled males in any area, from persecuted 
males still in the fields or from all three 
sources. Elimination of surplus males 
may take place when, so far as we can 
see, there is no actual evidence of over- 
crowding in the fields, especially in the 
case of such large, powerful and very 
active species as Catopsilia euhule. 

The migrations of the pierids of the 
types corresponding to our Catopsilia 
euhule and Eurema lisa seem to be noth- 
ing more than the end-product of the 
natural process of the elimination of 
surplus males. 

Much has been written regarding the 
southerly late summer and autumnal 
migrations of Danais plexippus, but 


little has been said of the northerly 
migrations of Catopsilia euhule which 
from time to time take place at the same 
season and in the same regions in the 
coastal area. As a concrete instance of 
migrations in opposite directions taking 
place simultaneously, I may say that in 
the very field where I observed Danais 
phxipims going west with the wind I 
have seen the males of Catopsilia euhule 
flying liigh and very fast eastward 
against the wind. 

If the migrations of these butterflies 
were anything more than relatively sim- 
ple responses to the meteorological and 
other physical conditions — that is, if 
they served any purpose beneficial to the 
individuals taking part in them — wc 
sliould scarcely expect to find two pri- 
marily tropical butterflies migrating in 
opposite directions in the same place 
simultaneously, especially north and 
south. 

The solution of the problems con- 
nected with the migrations of butterflies 
lies, I believe, in an accurate and de- 
tailed knowledge of the normal sequence 
of habits of both sexes of the species 
involved — in the case of dimorphic or 
polymorphic forms of both sexes of each 
of the forms — from the time of emer- 
gence from the pupa until death ; of the 
real or apparent changes in the normal 
habits induced by overcrowding or by 
the destruction of the food plant; of the 
relations of the individuals of a species, 
particularly the males, to each other 
and to related species in the same re- 
gion, and of the relations of the individ- 
uals of a species to the meteorological 
and geographical environment. 



MENTAL DIFFERENCES AND FUTURE SOCIETY 

By Dean ARLAND D. WEEKS 

SCHOOL or EDUCATION OT THE NOBTH DAKOTA AGRICULTUBAL COLLEGE 


Liberal thinkers of the eighteenth 
century believed that with education 
free to all a groat leveling of social in- 
equalities would result. The cry of the 
times was for schools and popular 
education. Outraged by the evils of 
aristocracy and the abasement of the 
masses, the theorists of revolution in 
Trance, America and England advocated 
more and sometimes better education. 
From Rousseau to Noah Webster voices 
called for the diffusion of learning in 
the interests of greater social equality. 

In their drive for popular education 
as a means of realizing political democ- 
racy, the eighteenth century liberals 
concerned themselves little with educa- 
tional details and courses of study, 
striving first for the open door; and if 
the founding fathers knew how widely 
human ability to learn varies they said 
nothing about it. Common observation 
told them that there were men foolish 
and men of talents, but the shadow of 
the IQ had not fallen across the page in 
those days. Give society a popular edu- 
cational system, thought they, and the 
hierarchy of privilege would crumble. 
Illiteracy marked a caste ; the essentials 
of knowledge purveyed through the 
schools would give power to the masses. 

To us it is interesting that differences 
in human ability entered so little into 
the discussion of the adequacy of the 
people to maintain democratic institu- 
tions. Without education the people 
were felt to be unfit for self-government ; 
but that with education they might still 
be lacking seems not to have occurred 
to any one. It has remained for us to 
realize, in a time of the widest extension 
of educational opportunity, that there 
exists a range of mental ability that of- 
fers some very hard nuts to crack for 


exponents of democracy. The slump in 
democracy has coincided with the find- 
ings of intelligence tests. 

With findings such that he who runs 
may road, there is not much doubt left 
about how we differ, from one end of the 
curve of intelligence distribution to the 
other, and we have discovered “that the 
number of people of relatively low in- 
telligence is vastly greater than is gen- 
erally appreciated.” 

Abundant and convincing is the lit- 
erature of mental tests, and essential 
facts outside the pale of controversy 
give pause in social philosophy. Con- 
sider how widely we differ; 


100,000,000 Persons 

IQ 

2.'>0,000 *‘Noar^^ genius or genius 

140- up 

6,750,000 Very superior 

120-140 

13,000,000 Superior 

110-120 

30,000,000 High average 

100-110 

30,000,000 Low average 

90-300 

13,000,000 Dull 

80- 90 

6,000,000 Bordorline 

70- 80 

750,000 Moron 

50- 70 

250,000 Imbecile and idiot 

50-do wn 


{Based on data from Sandiford) 

With SO many persons in the lower 
groups it must be that we are sur- 
rounded by “a number of people of 
relatively low intelligence.” Carlyle 
said that the population of England was 
thirty millions, “mostly fools.” A law- 
yer who looked at the foregoing table 
said he hud always supposed there were 
a great many more morons than there 
are. Yet most of us who face the table 
are probably brought to a realization 
that from our youth up we have tended 
to idealize society, and are compelled 
to readjust our appraisals downward. 
Even if we plead guilty to a tendency 
to designate as morons persons we dis- 
like, or who differ from us, we are yet 
scarcely prepared for “this mass of low 
150 
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level intelligence.’’ The upshot is that 
probably most of ns are depressed, not 
to say unsettled, by considering the evi- 
dent distribution of native ability in 
mankind. 

Knowledge of range of ability will of 
eourse have repercussions upon theory 
and practice in government, upon edu- 
eation, literature, journalism, the theater 
and propaganda and advertising. For 
good or ill, use will be made of the ac- 
<5epted facts of intelligence, and exploita- 
tion and philanthropy will not escape 
their influence. We shall simply not be 
able to think as we used to think, when 
once the fact of mental range is burned 
into consciousness as an ever-present 
datum. The revolution in our thinking 
will be like that following the doctrine 
of evolution or the Copernican theory. 
To-morrow will not be as yesterday; 
dreams of human perfectibility and 
equality go glimmering, when we fear 
that half of the people can be fooled all 
the time. How swift the reaction to the 
new knowledge, witness the uncanny 
appropriation of a new province of low 
level suggestibility by propaganda. 
Until the fuller resources of gullibility 
had been probed by daring pioneers of 
popular psychology, no one claimed that 
you could get away with murder. The 
mind of the multitude has become a 
more real bonanza than in the days of 
Phineas Taylor Barniim, whose horrid 
estimate that a “sucker” is born every 
minute appears somewhat too low, by 
a rougli calculation employing terms as 
informed as possible with the spirit of 
the great showman. 

Our attitude toward the foolish we 
shall change, even as we have changed 
our attitude toward the insane and the 
sociopath. Wc have somehow com- 
monly felt righteous when denouncing 
“fools.” The fools have had the 
awfullest time, and all without their 
fault; they have been fair game for 
ages. The psalmist and the proverb 
maker, the satirist and the pedagogue 


all took their flings at the mentally short 
or plied ferules and adjusted the dunce 
cap. This is not the place to go into 
the harrowing talc of the social canni- 
balism that claimed the person of low 
IQ throughout the centuries, but the 
thought is ventured that the popular 
attitude towards the lower brackets of 
mentality has been no more justifiable 
scientifically than would be imprison- 
ment on a charge of red hair or capital 
punishment for inheriting a Roman 
nose as a structural feature of one’s 
own countenance. For humility’s sake, 
let us reflect that intelligence is relative ; 
if wo encountered a race who could 
master geometry in an evening we 
should all be morons. The fool has been 
in no position to defend himself, and 
as a result has of course been unjustly 
blamed. Though many old doctrines 
and practices, escape devices in the in- 
terests of our own comfort, have been 
given up, the fool-baiting complex dies 
hard. Great poets, like Milton and 
John Dryden, did not hesitate to lam- 
baste other persons for lack of intelli- 
gence; even the pulpit echoes scorn for 
the mentally deficient, whose handicap 
is as biologically reputable, no matter 
how inconvenient, as, at least, is the 
vermiform appendix. Ultimately the 
fact of mental range will be accepted 
with emotional equanimity, no matter 
what else happens. 

Much may happen. While theorists 
are reconstructing their views of man 
as made, the affairs of the day go for- 
ward in the general direction of lines of 
least resistance, and the findings of 
mental tests are scarcely a step ahead of 
the unfolding of a daily record rich with 
items of practical application. Rates 
arc what the traffic will bear; various 
and sundry pressures are made nicely 
correspondent to levels of intelligence; 
institutions and business do in a way 
hold the mirror up to nature. Wliile 
there is enough uncertainty about intel- 
ligence ill individual cases to keep up 



158 


THE SCIENTIFIC MONTHLY 


excitement, in a rough way what hap- 
pens is a measure of what the audience 
is adapted for. 

Now ‘‘the blunt person is character- 
ized by huge tolerance of absurd con- 
tradictions.^' He sees no absurdity in 
a reference to a road to town that is all 
the way down hill there and back — and 
gives himself to the instalment plan. 
He roads believingly that western New 
York State apples supplied the table of 
Queen Elizabeth, and accepts his party 
platform, and votes as usual. 

Failure to note significant omissions 
reveals the deficient mind. Show to a 
mentally deficient person the picture of 
a wheel with the hub missing and he will 
not be conscious of the omission; with 
him there is no adequate sense of the 
completeness of evidence, no critical 
faculty at watch for essential elements. 
The trait in question prevails among the 
lower levels, mentally, of the consuming 
public, a fact taken advantage of by the 
advertiser who profits by leaving things 
out of the copy, leaving, as it were, the 
hub out of the wheel and inducing the 
credulous to think they are getting a 
wheel entire. An advertisement which, 
no compliment to me, reached me 
through the mails offered colored repro- 
ductions of notable pictures at small 
cost, but failed to declare how many re- 
productions would be sent for my money 
and gave no information on their size. 
If the reproductions had been only the 
size of postage stamps the buyer would 
have had no case; he would have been 
“stung." A man told me this after- 
noon how he had bought stock in an oil 
well, to find out later that an oil well 
will run dry after about a year. When 
he bought the stock he failed to note the 
time factor in an oil well's production. 

Eepeating the thought of a passage 
is a test of intelligence; according to 
fulness and certainty of restatement is 
intelligence disclosed. How often are 
the very words from one's mouth gar- 
bled immediately within hearing. The 


fine art of accurate reporting does not 
flourish among the lower IQ's, a fact 
that accounts for the vast jungle of ill- 
founded rumor and sloppy newsiness in 
the daily run; conjecture is converted 
into positive assertion ; speakers are mis- 
quoted, scandals invented. 

In the defining of abstract words 
mental status is indicated, which terms 
are derivatives from experience and 
represent the essence of meanings. It is 
notorious how ill defined by masses of 
the public are such terms as religion, 
evolution, patriotism, democracy, tem- 
perance, socialist, anarchist, agnostic, 
Republican and Democrat. And “this 
mass of low level intelligence is an 
enormous menace to democracy unless it 
is recognized and properly treated." 

The dissected sentence is a familiar 
device in the literature of mental tests. 
A bright child is capable of taking a 
look at the words, “A defends dog good 
his bravely master," and of straight- 
ening these out into a sentence; the 
bright child would, without waiting to 
be asked to organize the words, feel that 
something was wrong in their sequence. 
On the other hand, the very dull would 
be unable to get them right, or would 
possibly gloat over them with a sensa- 
tion of recondite lore. It would be in- 
vidious to cite examples from books and 
publications, some of w^hich achieve cir- 
culation, in which actual, definite, tan- 
gible and unequivocal meaning is about 
as much present as such as in the dis- 
sected sentence before its reformation. 

The giving of differences and similar- 
ities is a touchstone of intelligence. Not 
much matters with those of low intelli- 
gence ; they note differences slightly and 
have not the meticulous perceptions of 
quality of the mentally alert. The nice 
distinctions out of which spring litera- 
ture and science are obtusely noted or 
wholly unperceived ; thus, in society 
afflicted with extensive moronism, Chris- 
tianity and church membership are 
synonymous; no distinction is made be- 
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tween real and nominal wages; educa- 
tion and schooling are the same thing; 
agrarian and industrial feudalism, chat- 
tel and wage slavery go unsuspected of 
identities, while exactions for private 
profit and taxation for social purchasing 
arouse reversely suitable sentiments. 
The debunking process which has at- 
tained magnificent proportions in our 
decade simply witnesses to the extrava- 
gant lengths to which such simplicities 
have run us. 

Look where you will and consult any 
type of mental test, and the net result 
is an intensified conviction of the mas- 
sive aggregate of mentality in the lower 
groups, correlated products of which 
are in daily evidence. Quack doctors 
and clerical pretenders ply their trades ; 
sucker lists are compiled of interminable 
proportions; words rather than ideas 
count; political corruption and crime 
glorification obtain; silly notions win 
silly people in the rhythmic raids of 
fashion; there are: noise, jazz, speed, 
war and the man who would walk a mile 
for a brand. True, for every man, 
woman and child with IQ below 100 
there are a man, woman and child with 
IQ above 100; but here consider those 
below the line, among whom is the 
“typical moron’’: 

Graduate of a small but accredited high 
achool. Spent five years to secure fifteen 
units. First year’s work in university went 
poorly. Found to have mental ago of about 
twelve and one hfilf years. Good athlete. 
Good penman. Well dressed. Excellent man- 
ners. Entered a Greek letter fraternity. 
Father a banker. Mother apparently a superior 
woman. After K was dismissed from the uni- 
versity he was glad for **ho could never learn 
books anyway. ’ ’ Good automobile driver. 
Memory span short. Unable to reproduce cor- 
rectly simple geometrical designs. Could not 
imagine or think out new combinations of forms 
and of objects. Lacked resourcefulness and 
ingenuity. Unable to pick out or explain sim- 
plest kind of absurdities. Deficient associative 
bonds. Unable to find words of the same or 
analogous meaning, or to pick out essential 
likenesses and differences. — From ** General In- 
troduction to Psychology” by Griffith. 


While such extremes and variety of 
intelligence have always been, outcomes 
under modern conditions must be 
awaited with interest. Knowledge in- 
creases the power of the dull, but multi- 
plies disproportionately the resources of 
the superior; science means something 
directly to the lowly, but it gives un- 
precedented power to the gifted. As 
knowledge grows from more to more a 
wedge progressively separates the social 
fates of persons at different levels of na- 
tive ability. Two illiterates of contrast- 
ing abilities would upon learning to read 
be still more different. Moreover, the 
remotenesses and complexities of mod- 
ern commercial and industrial control 
baffle the lower orders of mentality, 
presenting nothing tangible as adver- 
sary. The manly art of economic self- 
defense through direct dealing passes 
when mergers and big business domi- 
nate. Economic manipulation governed 
by relatively high intelligence can be 
more persistently and hopelessly oppres- 
sive than face-to-face imposition. The 
bigness and inscrutability of manipula- 
tive processes leave the lower mentalities 
badly off for self-help. Advanced tech- 
nical education means additional lever- 
age against the mentally less endowed. 
A fact that our fathers did not see is 
that free schools do not remedy native 
differences of capacity. Says Pintner 
in “Educational Psychology,” p. 144: 

Thus a child with an IQ of 80 is unlikely to 
be able to complete the eighth grade success- 
fully. Such a child ought to be given practi- 
cal vocational training in the last few years of 
his school life so that at the age of fourteen he 
may be in suuie way prepared for his future 
work in the world. A child with an IQ below 
90 will probably derive little profit from the 
ordinary high-school course. Cliildren with 
IQ’s between 90 and 100 will probably profit 
from some of the more abstract work. To 
grasp the symbolism, understand the proofs and 
make the generalizations required in algebra 
probably requires a minimum IQ of 110. It 
is doubtful whether children with IQ’s below 
110 should be advised to take the customary 
course at a liberal arts college. 
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Paternalistic changes in the school 
system looking toward special care are 
implied in the new knowledge of mental 
differences; from limitations of ability 
an accommodation of schools must fol- 
low. Indeed, the gearing of instruction 
to mental status is an ideal of teaching, 
and accordingly we should expect that 
junior colleges, vocational high schools, 
trade and continuation schools and spe- 
cial classes would reflect the discovery 
of the extent of mental differences. 

In other fields than education, read- 
justments will occur in view of aware- 
ness of the persistent contrasts in human 
ability and the amount of low level 
mind. As suggestive of what may take 
place recall the accommodations of 
journalism to progressive ascertainments 
of the true character of mentality at the 
low^er levels, ranging from the original 
yellow journalism to exhibits on the 
news-stands to-day. As to the “fool- 
proofing’’ of machinery, one might ques- 
tion whether it can proceed much far- 
ther, or whether assistance can go much 
beyond that rendered by telling one to 
“cut on this line,” when facing the 
problem of opening a mere box of break- 
fast food. Our high-grade moron was 
an expert driver of the automobile, 
proof of the extent to Avhich shortage of 
intelligence was provided against. In- 
fluenced by the findings of mental tests 
it seems probable that the operation of 
all sorts of machines of popular use, 
and participation in travel, commercial 
transactions, funerals and recreation 
will be made easier and less burdensome 
on attention and thought. 

The climax of our interest lies, how- 
ever, in the effects of the fact of mental 
range upon social and governmental 
policy. Will not accommodations neces- 
sarily be made there ? Is not Mussolini 
perhaps a man who has peered into the 
sociological beyond, divining and capi- 
talizing the truth of human differences? 
May not the great Russian experiment 
be soundly cognizant of the range of 


capacity? May not the political phi- 
losophy of the future be based squarely 
upon the recognition of the great mass 
of low level intelligence even as our early 
democracy was based upon the dogma 
of essential equality? 

How, let me ask, can the 30,000,000 
IQ’s first below 100 compete successfully 
with the 30,000,000 IQ’s first above 100? 
How will the 13,000,000 dull, dull as 
God made them, fare in a struggle 
against the 13,000,000 superior? Pic- 
ture the scene with 6,750,000 borderline 
folk and their associated morons pitted 
against 6,750,000 of the very superior. 
Last scone of all, 250,000 imbeciles and 
idiots in every 100,000,000 of population 
as an antithesis to 250,000 of the bright- 
est minds that ever flashed. 

Will paternalism, as a reaction to ex- 
ploitation under modern controls, to 
competition that can have but one 
outcome, be ushered in? It would 
mean oversight, maintenance, manage- 
ment and protection, and also imply a 
degree of disregard for what depen- 
dents think. Will not realization of the 
amount of moronic intelligence speed us 
on the way to paternalism? 

The answer is indicated by various 
significant trends. The movement for 
old age pensions, the rise of the theory 
of high wages as a general economic 
benefit at a time of inefficient labor or- 
ganization and of the “yellow dog labor 
contract,” the assumption under Presi- 
dent Hoover of superior-class responsi- 
bility for unemployment, the dole in 
England, the giganticism of life insur- 
ance, the plight of the farmers, who have 
failed to help themselves, the rise of 
large-scale philanthropy, the frequency 
of failures among small-business men, 
and the victorious chain store, do, taken 
together, attest to a tendency toward 
social reorganization on lines reflecting 
mental caste. With the ripening of in- 
stitutions and the perfection of economic 
strategies, assuring steady increase of 
disproportionate benefits to the upper 
levels of intelligence, it can be only 
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through policies determined at the scats 
of power that, for example, in the 
United States, the farmer is not made 
a peasant or exhaustively exploited and 
put on a dole. 

The potential subjugation of the lower 
groups is implicit in an economic abso- 
lutism of price. Beyond any political 
or social control is control by price. 
Millions with no voice in any price set- 
ting, with no part in contracts but ac- 
ceptance of dictated terms, pay the price 
printed on tlie tag, knowing not the first 
thing about its fairness. The power 
exercisf'd by the man who writes a na- 
tion’s songs is as notl)ing compared to 
that of the combine that writes the price 
tag. In one of the romances of the fu- 
ture by H. (j. Wells the lower social 
strata are represented as living under- 
ground, driven off the face of the earth. 
Such pictures<iue outcome is less likely 
to take place than that model tenements 
will be erected and that low IQ life will 
be regulated to a maximum of contri- 
bution to the upper strata. Cruel 
neglect and shortsighted indifference to 
the welfare of the lower levels are as 
unlikely as would bo a recrudescence of 
dealing wuth the insane and the criminal 
after the manner of the Middle Ages. 
The poor, always to be with us if there 
is correlation between wallet and wis- 
dom, wdll be less commonly regarded as 
blamable or responsible for their condi- 
tion; and governmental paternalism, in- 
stead of being mentioned apologetically, 
will be regarded as the only logical 
policy of the state, while a commercial 
paternalism, of which the pension sys- 
tem of the Northern Pacific Railroad is 
only one example out of thousands, will 
round out a total effort grandly drama- 
tizing the idea of a father caring for his 
children, not to say safeguarding the 
goose that lays the golden eggs. The 
lower IQ strata will probably be guar- 
anteed against extinction or extreme 
degradation of standards of livttig by a 
diffused humanitarianism and an appli- 


cation of the principle of intelligent 
exploitation, tempered with fear of 
sabotage. It is, of course, quite possible 
that intellectual aristocracy of the Rus- 
sian or the Italian type, while effectually 
disposing of the democratic tradition 
and .striking down the idea of the wis- 
dom of the common man, will neverthe- 
h»ss provide for him as he never has 
been taken care of before; the care he 
receives will be that of paternali.sm, 
vastly improved but logically heir to the 
feeding and housing of dusky plantation 
w^orkers by their mental superiors in 
.slavery days. 

The role of the least capable citizems 
will be as heretofore that of a.sscnty 
ratification, discontent, prote.station^ 
resolutions, mass nu'etings, jubilation^ 
proud suffering and ostensible power, 
while less and less will actual self- 
governnu’tit be realized. Technical man- 
agement of the affairs of state must of 
course fall to those w'ho are adept in 
law’, engineering, admini.stration and 
propagamla, wliose w’ork w ill be reacted 
to often with no greater aptness than 
that shown by the Romans who held 
emperors r(*sponsible for the weather. 
But a rough check on government action 
may be expected from the 50 per cent, 
wlio can scarcely qualify for balanced 
criticism or con.structive suggestion. 
Through indirect suggestion and propa- 
ganda engineering the art of government 
will progress in the direction of allowing 
voters of lower mental qualification to 
believe tludr will is to be carried out. 
Nor can any one deny that it does not 
require the highest IQ to sense rotten- 
ness in the state of Denmark. States- 
men of paternalism and the admini.stra- 
tors of commercial overlordship will have 
many a restless night — in fear of w’hat 
the heathen in his blindness may do, 
mistakenly of course. The widened suf- 
frage and the absence of educational and 
mental qualifications for voters give the 
state a fully representative character, 
but effectual participation in social con- 
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trol on the part of the least able must 
manifestly be slipjht. 

What form the power to rule, derived 
from superior intelligence, will take, 
what scenes of paternalism will appear, 
remain to be seen. A modern version 
of noblesse oblige may allow a Ford to 
the IQ of 70, stilTen the blue sky laws 
against plunder and so carry on that 
nothing so obnoxious as throwing mo- 
ronic instalment debtors into prison will 
occur. But the reflection of mental dif- 
ferences in the institutions of a high- 
powered age will surely be much unlike 
the picture of a pleasingly simple de- 


mocracy. Even with the diffusion not 
only of knowledge but of knowledge of 
economics and the state, a sort of learn- 
ing out of which the poor might build 
weapons and defenses, the disparity in 
shrewdness and reasoning leaves the 
field open to advantages to those who 
rank highest in native ability. 

Paternalism? We can only hope that 
the lower millions may have great lead- 
ers and that the classes who have mental 
power by birth will conceive of the state 
in terms inclusive of the welfare of the 
mass, for the inequality of the brain 
cells is great. 


THE DEVELOPMENT OF A MAGIC FORMULA 

By EARL H. BELL 

UNIVERSITY or WISCONSIN 


Introduction 

If we are to understand the develop- 
ment of such social phenomena as magic 
and totemism we must change our tech- 
nique of approach. 

For the most part, the method of an- 
thropologists has been that of studying 
the phenomena as they exist and func- 
tion in the so-called primitive societies. 
Using this material as a point of depar- 
ture they have attempted to unravel the 
threads and thus learn how the complex 
developed. Thus far, except for estab- 
lishing the elements or threads of the 
phenomena and their relations to each 
other, we have accomplished but little. 
As yet the processes of their combina- 
tion remain obscure. 

This is not at all surprising. Any one 
could take a piece of woven cloth, un- 
ravel it, study the materials used in it 
and tell the manner in which the threads 
were combined, but this would throw no 
light on the modern processes by which 
it was manufactured. 

Our position in regard to magic is 
much the same. We have unraveled it, 
learned the materials of which it is made 


and know quite definitely how it goes 
together, but wo do not know the proc- 
esses by which it is put together. 

The only technique by which we can 
study the processes of the development 
of magic is that of observing it grow up 
in contemporary society. We need not 
seek out primitive groups to find magic. 
It exists in modern society and, more sig- 
nificant still, is even now in the process 
of formation. 

So far as I know, the only studies 
using Ihis technique are those of Pro- 
fessor Ralph Linton, “Totemism in the 
A. B. F.,’' published in the American 
Anthropologist of June, 1924; and of 
Professor Kimball Young, “The Story 
of the Rise of a Social Taboo,’’ published 
in the Scientific Monthly of May, 
1928. 

The following account is a picture of 
the process of the development of a 
magic formula. 

I 

One of the perplexing problems which 
is constantly demanding more and more 
the attention of the Iowa farmer is the 
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increasing menace of the Canadian 
thistle {Cirsium arvense). 

This weed, which is constantly moving 
southward and forcing itself upon the 
attention of the agriculturist as a major 
problem, is extremely difficult to eradi- 
cate, and in the face of the most persis- 
tent and resourceful efforts on the part 
of the farmers, directed by the various 
agricultural experiment stations, it has 
not only held the ground already in- 
vaded, but even continued its southward 
migration. An agricultural bulletin de- 
scribes it thus : 

The jointed, horizontal root stocks are the 
most obnoxious part of the plant; round, slen- 
der, like tough white whip cords lying so deep 
in the ground as to be always sure of moisture, 
they creep in every direction for rods, even 
sending up now plants at intervals; if broken 
and dragged about by farm implements the 
pieces grow, so that ordinary cultivation but 
serves to spread the pest. 

The extent to which the farmers recog- 
nize the necessity of eradicating it is 
shown by the methods of combat. It is 
a common sight to see a large patch of 
ground completely covered with tar 
paper in an attempt to destroy the weed 
by shutting it off from the sunlight. 
Another method used is to pour gasoline 
on the plant, saturate the ground around 
it and then set fire to it. Other farmers 
may cover the infested land with salt, 
which not only kills the thistle but steril- 
izes the ground for a period of years. 

Such a problem, of course, occupies a 
prominent place in the minds and con- 
versation of the farmers living in in- 
fested areas. At the noon hour during 
the threshing season the men often ex- 
change information which they have 
about the pest, and tell of their friends' 
as well as their own experience with it. 
Often they will refuse to allow the ma- 
chine to thresh for a farmer whose field 
is infested until all the other men in the 
"‘ring" have finished. 

Out of this background has come a 
magical means of eradication, the de- 


velopment of which may be traced in the 
following narrative. 

On or about August 25, 1925,' a hot, 
dry summer day, John M. and his son 
went out to their field in which was a 
small patch of ground infested with the 
Canadian thistle and cut the weeds off 
close to the ground with sharp hoes. 

The next year they were much sur- 
prised to find that the thistles did not 
come up again. Mr. M. and his son 
talked it over between themselves and 
with th(‘ir neighbors, one of whom con- 
tributed an old superstition that “every- 
thing has a certain day upon which it 
may be easily killed."* At this time it 
was decided that Mr. M. had discovered 
the Achilles' heel of the Canadian thistle. 
It could be simply and easily extermi- 
nated if it was cut down on August 25. 

Such news was not long in spreading 
throughout the community and on the 
next August 25 many farmers went out 
armed with hoes in their war against the 
thistle. In some cases the battle was 
successful and in others it was not. 
Cases of faihire, however, did not in- 
validate the discovery, but rather 
strengthened it, “For," contributed 
some of the old heads, “everything not 
only has its day but also its hour." 
They were on the right track and had 
only to perfect the formula. 

By the summer of 1928 the idea had 
diffused throughout the county, and I 
have noticed it in the surrounding coun- 
ties as well. 

II 

We may h^t [he story rest at this point 
and analyze the conditions in the society 
underlying the development of the magic 

1 There seems to be considerable doubt as to 
the date, as Mr. M. did not realize the impor- 
tance of the day until the following summer. 
Ono neighbor who saw him cutting the weeds 
claims the day to have been the twenty-seventh. 
This is a moot point in the community and both 
days have their followers. 

2 For the possible origin of this superstition 
in our culture see Eccl. 3 : 4. 
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formula and the stei)s by which it de- 
veloped. 

1. We have a severe crisis which was 
felt by the group. The pest must be con- 
trolled for the welfare of the group 
which depended upon agriculture for a 
livelihood. 

2. There is a great difficulty in coping 
with the situation wdiich had never been 
defined, and all natural ways w^ere ex- 
tremely difficult, wasteful and unsuc- 
cessful. 

3. Following the failure of the scien- 
tific methods disseminated through the 
channels of the agricultural experiment 
stations many individuals experimented 
with methods of their own. 

4. The element of luek enters, in the 
form of the combination of several fac- 
tors, such as temperature and lack of 
moisture extending over a considerable 
length of time which prevented the 
thistles from growing after they had 
been cut do\Mi. 

5. The phenomenon is interpreted in 
the terms of an old and well-established 
superstition which builds up a false as- 
sociation between the time of an act and 
tlie result.® 

8 This typo of association is common in 
magic. 


6. The rapid diffusion of the trait is 
probably due to the fact that it was the 
corollary of a well-established supersti- 
tion and seemed to meet the situation as 
well, considering its ease, as did the 
methods recommended by tlie experi- 
ment stations. 

7. Cases of failure, which as with all 
magic are common, were met by the 
usual rationalization that the formula 
had not been followed exactly or that 
some item was still undiscovered. 

Ill 

In mentioning the wider aspects of 
this incident we should note the im- 
portance of the crisis or new und (‘fined 
situation which is difficult to meet and 
in which scientific methods wore ex- 
tnunely difficult and uncertain. In the 
second place tliere is the el(‘ment of luek 
or chance which made this simple metliod 
appear successful, and in the third place 
a false association made in terms of an 
equally erroneous premise. 

Were it not for the comparatively high 
developnumt of a scientific culture it is 
not unlikely that such a phenomenon 
would persist arid take on all the char- 
acteristics of a highly ritualistic magic 
formula. 
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To get to the bottom of things, to find 
out what makes the maehine go, are 
ambitions worthy not only of the child 
but of the man. The real essence of the 
scientific spirit of research is the desire 
to see the unseen, to discover the secrets 
that are forever concealed from the 
casual observer but are frequently re- 
vealed to him who is sufficiently persis- 
tent in the quest for knowledge. This 
is just as true of the science of the earth 
as it is of the science of the stars. Un- 
til recently, knowledge of the earth has 
been largely confined to that which may 
be directly observed on land and sea. 
But in recent years it has become in- 
creasingly apparent that much which we 
ought to know is concealed beneath the 
surface on which we live and move. 
Some of the most fundamental ques- 
tions, such as why tliere are continents 
and ocean basins, what makes the lofty 
mountain range stand above the lowly 
plain, can be answered only when we 
know the nature of the deeper interior 
of the earth. Many of our most valu- 
able stores of petroleum and ore are so 
deep in the rocks of the earth’s crust 
that their presence could never be in- 
ferred from what may be seen on the 
surface. Plumbing the depths of the 
earth is therefore a task of the greatest 
practical as well as scientific necessity. 

Tlie deepest mine which men have 
thus far dug is about 7,500 feet deep, 
only one three-thousandth part of the 
earth’s radius. The deepest well which 
men have thus far drilled is about 9,000 
feet, nearly one and three quarter miles, 
yet not much of a start on the long jour- 


ney of four thousand miles from the 
surface to the center of the earth. As 
far down as man has gone he finds rocky 
material (piite like that which he sees 
wherever the solid rocks of the earth’s 
outer shell are exposed to view. The 
limits of deep drilling have not yet been 
reached, but at best this method of 
plumbing the depths of the earth can 
never do more than slightly scratch the 
earth’s skin. Other methods must be 
used if we really want to know what is 
in the (*arth beneath us, and several are 
now at hand. 

Earthquakes, for example, make their 
contribution to knowledge. Whenever 
one occurs, it starts a series of vibrations 
through the earth which spread in all 
directions like the ripples on the surface 
of a placid pool when a pebble is tossed 
into the water. These vibrations pass 
completely through as well as entirely 
around the earth and may be detected 
by sensitive instruments, called seismo- 
graphs, designed for this purpose. At 
present there are nearly two hundred 
seismograph stations scattered over the 
surface of the earth at government ob- 
servatories, universities and institutions 
for scientific research. Every violent 
earthquake »s recorded on many of these 
instruments. Several times a year, old 
mother earth shrugs her shoulders with 
sufficient violence to shake the entire 
surface of the globe. Only close to the 
place at which the movement originates 
is it of sufficient intensity to cause any 
damage. At distances of only a few 
hundred miles it is usually quite imper- 
ceptible to human senses, but the vibrat- 
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ing waves are detected at distances of 
thousands of miles, in fact clear around 
the earth, by properly adjusted seismo- 
graphs. Thus the progress of the waves 
as they advance through the solid rocks 
may be observed. Each wave is in fact 
a messenger which starts, let us say, in 
Japan and dives deep toward the center 
of the earth to emerge at St. Louis or 
Cambridge, Massachus(‘tts, or London 
or Bombay with the news which it has 
picked up along the w^ay. Its message 
is in hieroglyphics, the quivers of a 
jerky line traced by pen point or tiny 
beam of light upon the recording paper 
in the seismograph. Like a secret code, 
it must be translated before it can be 
understood. 

The velocity at which the earthquake 
vibrations move through earth material 
is determined by the elasticity and 
density of the material encountered and 
by the nature of the vibration itself. 
In general, it takes about twenty-five 
minutes for the swiftest earthquake 
waves to travel by the most direct route 
from the point near the surface at which 
they originate to a point on the surface 
directly opposite on the other side of the 
globe. This route is of course through 
the center of the earth and is therefore 
about 8,000 miles long. This is about 
the rate at which such waves travel 
through glass or steel, and it indicates 
that the earth as a whole behaves as 
though it were composed of material as 
elastic and dense as would be a sphere 
of glass or highly tempered steel of its 
dimensions. No great ball of molten 
rock with a thin crust of frozen surface 
material could possibly behave as does 
the earth. The earthquake messages 
tell us unmistakably that the earth is 
much more solid than it used to be con- 
sidered. Its interior may be very hot 
but it can not be essentially liquid. 

But earthquake velocities vary from 
place to place within the earth. In gen- 
eral, the deeper the path the swifter the 


movement. This is largely due to the 
increase in density with depth. Each 
cubic mile of rock is under pressure 
equal to the weight of a column of rock 
one mile square and as high as the dis- 
tance out to the surface. Such a 
column a thousand miles high puts tre- 
mendous pressure upon the rocks at a 
depth of a thousand miles. In conse- 
quence the rock at that point is com- 
pressed so that it transmits vibrations 
much more rapidly than it would do 
'were it at the surface. 

However, whereas pressure must in- 
crease rather regularly from surface to 
center, the travel rate of earthquake 
waves changes irregularly with depth. 
In fact, as these waves approach the 
center and pass through the material at 
great depths they are quite abruptly 
slowed down from velocities of eight or 
nine miles per second to velocities of 
only five or six miles per second. The 
only possible explanation of this fact is 
that the material there must be very 
dilTcrcnt from that nearer the surface. 
In all probability, the central core of the 
earth is composed not of rock with high 
elasticity, but of a metal like iron which 
is far less elastic. Judging from the 
composition of met(‘orites, which pre- 
sumably are samples of the stuff of 
wdiich planets are composed, the earth ^s 
core is a mass of mixed iron and nickel. 

This central core has a radius of 
about 2,500 miles and thus extends a 
little more than half way from the cen- 
ter toward the surface of the earth. It 
can not yet be told with certainty 
whether the metal of which it is com- 
X)osed is in a solid or a fluid state. Rec- 
ords of earthquake waves that have 
passed through it are exceedingly diffi- 
cult to interpret, and much attention is 
at present being given to this problem. 

Surrounding the central metallic core 
there are several successive shells of 
rock of somewhat varying composition 
as indicated by the various rates at 
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which the vibrations travel in them. 
These are all known to be quite solid 
although not necessarily crystalline. In 
fact it is quite likely that at a depth of 
only a few miles below the surface the 
rock is essentially a glass w'hich can be 
deformed much more easily than sucli 
surface rocks as granite or sandstone. 
This presumably makes possible the 
movements of the outer crust which 
cause changes of level of the land along 
the seashore and give rise to mountains. 
Such movements are themselves the 
cause of earthquakes, which in turn pro- 
vide us with important information con- 
cerning the nature of the earth’s 
interior. 

The rocks in the surface layer of the 
earth are notably different from place to 
place. In general those beneath the S(*a 
are heavier and more elastic than those 
beneath the land. In consequence the 
earthquake vibrations which tnavel 
around the earth through this outermost 
of its several concentric shells move at 
different rates. The vibrations of a 
California earthquake, for example, 
travel more rapidly toward the west 
through the floor of the Pacific Ocean 
than they do to the cast through the 
continent of North America. Even 
within the continent there are impor- 
tant differenc(»s. Limestone generally 
transmits vibrations at much higher 
speed than does sandstone or shale. 

This fact can be used to advantage in 
the attempt to discover the nature of 
rock formations a few hundred or a few 
thousand feet below the surface. There 
are many large areas of land through- 
out which the bed-rock formations are 
entirely concealed by soil, sand, clay or 
gravel. Some of these concealed rocks 
contain oil or other minerals of great 
value. For example, there is not the 
slightest suggestion at the surface of the 
presence of oil in the newly discovered 
oil field south of Oklahoma City. Yet 


the oil pool there is undoubtedly one of 
America’s greatest reserves of petro- 
leum. No geologist could have told 
from surface evidence that tliat locality 
was likely to produce oil, because the 
oil-bearing structure is not revealed in 
any way. The same is true of several 
of the important fields of the Texas 
coa.stal plain. 

But in the last few years several 
methods of discovering valuable infor- 
mation about these concealed rocks have 
been perfected sufficiently to make them 
a great aid in the search for the raw 
materials upon which our modern indus- 
trial prosperity depends. Those meth- 
ods of plumbing the depths of the earth 
are known as geophysical prospecting. 
They involve the determination of 
])hysical properties of rocks such as dif- 
f(*rences in elasticity, in specific gravity, 
in electrical conductivity and in mag- 
netic attraction. 

Take the first of these as an illustra- 
tion. An explosion of dynamite causes 
a miniature earthquake. The vibra- 
tions from even a comparatively small 
explosion, say fifty pounds of dynamite, 
can be detected by properly designed 
seismographs at distances ranging up to 
five or ten miles. Tliesc vibrations 
travel at velocities which differ with the 
differ(*nt rocks, and therefore the travel- 
time may be used as an indication of the 
nature of the rock traversed. If, for 
example, there is a great mass of rock 
salt, such as is found in each of the salt- 
dome oil fields of Texas and Louisiana, 
between the place at which the charge of 
dynamite exploded and the recording 
seismograph, the vibration will come 
through in a much shorter time than 
usual. 

Again, the rock salt is very much 
lighter than the ordinary rocks and so 
exerts less gravitative attraction. The 
differences are slight but they are suf- 
ficient to be detected by the torsion bal- 
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ance. This instrument is a very sensi- 
tive one, with delicate adjustments, 
which is designed to reveal slight differ- 
ences in the force of gravity. Wherever 
there is a fairly large mass of either 
unusually liglit or unusually heavy rock 
material within a few thousand feet of 
the earth \s surface, the gravitational 
field is distorted. The torsion balance 
indicates tlie amount and direction of 
this distortion and thus suggests to the 
observer the location of such rock 
masses. Salt plugs in the coastal plain 
of the TInited States are deficient in 
specific gravity, and therefore their 
presence may be revealed by the torsion 
balance. 

Other geophysical instruments arc 
now in use which indicate variations in 
magnetic attraction which may be due 
to differences in the amount of certain 
iron oxides commonly found in many of 
the sedimentary rocks as well as in some 
of the igneous and metamorphic rocks. 
Tlie interpretation of the information 
gained from the use of the magnet- 
ometer, the torsion balance and the 
seismograph is extremely difficult. In 
many instances there are several equally 
rational interpretations which may be 
placed upon the same body of data. The 
use of such instruments in the search for 
oil or other valuable resources can not 
therefore be considered an exact science. 
The technique of operation requires 
great skill, but even greater ability is 
demanded in the art of interpreting the 
records obtained. Nevertheless these 
instruments have already justified the 
large expenditures of time and money 
that have been made with them. More 
than one hundred salt plugs, many of 
which are accompanied by valuable oil 
accumulations, have been discovered in 
Texas and Louisiana within the last five 
years by geophysical exploration. 

To some, this method of plumbing the 
depths of the earth seems to hark back 


to the days of the charlatan with a 
divining rod or so-called ‘‘ wiggle- 
stick.^' The new methods at first 
glance seem to be quite as mysterious as 
those of the water witch or oil diviner. 
As a matter of fact, there is absolutely 
no comparison to be made between the 
two. The geophysical instruments oper- 
ate in precisely the same way regardless 
of the individual who observes them. 
They are in no sense dependent upon 
the psychology or other idiosyncrasies 
of the operator. Nor is there any rep- 
resentation that the physical apparatus 
indicates directly the presence or ab- 
sence of petroleum. Geophysical ex- 
plorations depend upon perfectly valid 
scientific principles and give definite 
information concerning certain charac- 
teristics of the rocks in the neighbor- 
hood of the stations at which the obser- 
vations are made. These characteristics 
are of value as an aid in the interpre- 
tation of the underlying rock structure. 
Where the structure is favorable it is 
wise to continue the search for oil by 
means of the drill. Where the structure 
is unfavorable it is unwise to expend 
additional sums in drilling operations. 
In the last analysis, only the drill can 
reveal with certainty the presence and 
quantity of petroleum. 

The entire science of geophysics, 
which has as its primary motive the 
discovery of facts concerning the inte- 
rior of the earth, is still in merest in- 
fancy. A most attractive field for 
scientific research has at last been made 
accessible, but only a tiny fraction of the 
territory has thus far been explored. 
There is need for much more knowledge 
in all departments of this new science. 
In the light of the present situation it 
may be safely asserted that the next 
twenty or thirty years will reveal many 
times as much valuable information con- 
cerning the depths of the earth as is now 
available. 
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WHAT GERMS ARE MADE OF 

By Dr. WM. CHARLES WHITE 

U. S. PUBLIC HEALTH SERVICE AND CHAIRMAN Or THE COMMITTEE ON MEDICAL RESEARCH OF THE 

NATIONAL TUHERCULOSIR ASSOCIATION 


What is a germf A germ or bac- 
terium is the smallest living thing we 
know. But in spite of its exceedingly 
small size it is among the most impor- 
tant of all living things. Some germs 
are indispensable to us — we could not 
live without them — while others live at 
our expense, causing disease and death. 

Germs are usually five hundred times 
too small to be seen by the naked eye. 
To understand what they are made of 
one must be familiar with the last few 
years of the journeys of man’s mind 
into the unknown, and with the evolu- 
tion of his special mechanical skill. 
Two great steps furnished our ability 
to separate individual germs and get 
them in pure strains. The first was 
made by Dr. Robert Koch, of Germany, 
who discovered the tubercle bacillus and 
founded modern bacteriology, and the 
second by M. A. Barbour in the United 
States about twenty-five years ago. Dr. 
Barbour is now in Lagos, Nigeria, 
studying yellow fever. 

Koch found that germs placed in 
sterile water and shaken vigorously, 
when poured on a glass plate covered 
with sterile solid food stuff like coagu- 
lated egg, would start colonies from in- 
dividual germs. By using a fine wire 
and touching one of these individual 
colonies he found that he could trans- 
plant one kind of germ on a new elean 
food supply and that this germ strain 
would multiply into other germs and 
that all the germs would be of one 
kind, 

Barbour found that he could pick out 
from a suspension of germs one single 
germ. lie did this by using fine flint 
glass tubing drawn out to a microscopic 
size in a gas flame. When one does this 


the tube always keeps its hole. Barbour 
found that this fine tube with its tiny 
little hole could be made to suck up 
only one of the germs when brought in 
contact with it under the microscope 
and that then this one germ could be 
planted on new food to grow a colony 
of its own kind. 

As a result of the work of these two 
men we arc able to grow enormous 
quantities of one kind of germ and 
chemists and biologists can study what 
they are made of. You may ask, 
'^What IS the use of studying such a 
thing?” Well, all the life of plants 
and animals and man is dependent on 
the work of germs in nature. Some 
germs are essential to life and others 
are very dangerous and cause most of 
the diseases of plants, animals and man. 

Those plots of ground in wliich flow- 
ers, vegetables, trees and grass grow 
luxuriantly may contain one hundred 
and fifteen million busy germs in a half 
of a square inch. These germs arc of 
many different strains, each strain do- 
ing its own work, such as taking nitro- 
gen from the surrounding air and soil 
and forming first ammonia, then ni- 
trites, then nitrates, which the plants 
can use and prepare again into organic 
nitrogen which can be used by animals 
and man. Germs set free carbon in the 
form of carbon dioxide into the air and 
the plants then take it up through their 
chlorophyl or green coloring matter 
which, combined with sunlight, builds 
up the carbon dioxide into sugars and 
starclies and cellulose for the food of 
animals and man. Any one who makes 
home-made wine or beer to-day and 
w^atches the busy bubbling and ferment- 
ing that takes place can see the results 
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of germs at work setting free carbon 
dioxide which passes off into the air for 
the further use of plants and man. 

All living things in their turn become 
sooner or later food for germs, to be 
broken up and turned over again into 
usable form in the grand cycle of car- 
bon and nitrogen and oxygen in nature. 
All our breadmaking, our tanning, our 
curing of tobacco, the making of vine- 
gar and sauerkraut, our cheeses, the 
food of our silos, our wines, are carried 
on or prepared for us by germ action. 

But, as I have said above, germs are 
not always good to us for they also are 
the cause of nearly all the diseases of 
plants, animals, and man. Is it any 
wonder then that scientists are forever 
searching for what they are made of 
and how they workf By being able to 
understand them he may be able to de- 
velop ways of helping the useful germs 
do their work better and hindering the 
work of the harmful ones. 

We now know many thousands of 
strains of germs more or less intimately. 
These are divided into classes, orders, 
families and species just as other living 
things are classified and every strain 
has its own peculiar work to do and its 
own peculiar way of doing it. You 
have heard how each species can bo 
obtained in pure form and how each 
one of the germs in a pure colony is 
like every other germ. More than this, 
each germ is just one cell during both 
infant and adult life and because it is 
just one cell it offers to the chemist and 
biologist the simplest and purest form 
of studying the processes of living na- 
ture. It is not like man, made up of 
myriads of cells ! 

Until we understand the living chem- 
istry of individual strains of germs and 
the contrasts between the strains of a 
family we will still be groping in the 
dark in our efforts to understand all 
living processes. It is probable by 
searching for the chemical differences 
in strains of one family of germs, the 


members of which look and act very 
much alike in the laboratory but which 
are known by other observations to act 
very differently in nature, that we may 
find the reasons for these differences. 
Already great progress has been made 
both in industry and in medicine. For 
example, by finding that different 
strains of a family of germs will grow 
on very simple food material, such as 
in water and a few salts, it is possible 
to subtract the sum of what was in the 
food from what is there after the germs 
grow on it and to find in what is left 
what the germs have made. It is pos- 
sible further to take these products of 
the growth both from the food material 
and from the germs themselves and 
find both their chemical nature and 
what happens when we put them into 
animals that is their biological nature. 

The studies that have been carried on 
by the National Tuberculosis Associa- 
tion with money raised by the sale of 
the Christmas Real will serve as an 
illustration to show what the different 
strains of the tubercle bacillus, or the 
germ which causes tuberculosis, makes. 
In the acid-fast family of bacteria to 
which the tubercle bacillus belongs there 
are some fifty or more known strains. 
There are three well-known ones of 
the tubercle bacillus — the strain that 
causes tuberculosis in cattle, the strain 
that causes tuberculosis in man and 
the strain that causes tuberculosis in 
chickens. To this same family also be- 
long the various strains of germs which 
cause leprosy. The object of the studies 
which the National Tuberculosis Asso- 
ciation has been carrying on is to find 
what these germs are made of, how they 
do their damage and kill, and, if pos- 
sible, how to interfere with their evil 
processes so that benefit may come to 
all those who are sick with tuberculosis. 

You will want to ask. How can a 
germ made of one cell only contain 
enough power in its minute body to- 
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make a million like it in a day, each 
having the same quantity of all the 
substances that the first cell possesses? 
For like the widow cruse of oil, it is 
a never-ending power, or the spark of 
life, always elusive. There are, how- 
ever, some fractions of this life element 
that can be separated for further study. 
For example, each living germ has in 
it certain substances called ferments or 
enzymes. To most of you and in fact 
to everyone these names are only names, 
words used to tag a substance which we 
little understand. But we can make 
solutions of them. You are familiar 
with essence of pepsin, which is a fer- 
ment, and you see the work of an 
enzyme when yeast makes bread rise 
and when wines begin to boil. Like- 
wise we can make solutions of the fer- 
ments of germ strains and compare 
their work. But we can do this only 
if we grow one strain of germ in suffi- 
cient quantity to provide us with 
enough material for study. 

Each germ strain has its own peculiar 
enzymes and we know little enough 
about them, but when a single germ is 
put into a quantity of simple food solu- 
tion it is its enzymes which start to 
work. These begin by creating currents 
similar to electric currents between the 
germ cell and its surrounding water 
and salts, back and forth, until inside 
the cell a change in internal chemical 
arrangement occurs and then suddenly 
two cells are made. Then from two 
cells come four, and eight, in regular 
progression until we have a vast 
number. 

A second group of substances are the 
pigments. These also, like the ferments, 
are little understood but are peculiar to 
each germ cell. The pigments take 
their energy from the sun as electric 
currents just as the chlorophyl or green 
color of plants acts for the plants. 

With these two tiny machineries op- 
erating all the while, the germs manu- 


facture sugars of rare type, starches, 
albumins, fats, and a great variety 
of substances known as toxins and 
ptomaines. These complex substances 
of which the germ body is made and 
uhich are often peculiar also to the 
strain of germ cell can also be separated 
as solutions, purified and studied for 
their chemical structure and biological 
action. For instance, there are two 
very closely associated germ cousins 
that cause pneumonia in man, but al- 
though they both produce pneumonia 
they make entirely different sugars 
which can be separated in pure form. 
They are different both chemically and 
biologically and are very hard to break 
up ex(*ept by boiling in acids. Recently 
however Dr. Oswald T. Avery, of the 
Rockefeller Institute, found a ferment 
enzyme in one of the germs of the soil 
of the blueberry bogs which will break 
up these sugars into glucose and carbon 
dioxide. The action of such a ferment 
is nature \s way silently and efficiently 
of breaking up dangerous poisonous 
substances into simple useful parts 
which can be used by plants and ani- 
mals to carry on their life processes. 
How different is the silent way of na- 
ture from the crude, often noisy way of 
man, in the laboratory. To do the same 
thing that the blueberry bog germ does 
man must boil with a strong acid. It is 
certain that w^e do not destroy poisons 
in our bodies by boiling with sulphuric 
acid. 

Among the toxins and ptomaines that 
germs make, you know of the iioisons of 
diphtheria, scarlet fever, smallpox, 
food po\s/.tiing. Each disease-produc- 
ing germ manufactures its own toxin, 
some strains in a family more than 
others. These poisons cause fever, sick- 
ness and death even when they are sep- 
arated in solutions from the dead or 
living germs. 

Germs produce also fats and waxes. 
For instance, the tubercle bacillua 
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family produces a wax nearly like bees- 
wax but in addition it produces several 
fats of very rare character. 

When we consider all these substances 
that germs are made of, it would seem 
tliat the hope of tlie future lies in a 
study of the comparative chemistry of 
the different strains of each family in 
a systematic methodical way so that we 
will know in what chemical units are the 


causes for the differences between the 
germs of disease, and the germs that 
help us. When we understand where 
each family and each member of each 
family differs we can very probably 
strike at those differences in such a way 
as to make them either more active, if 
the germ is a useful and helpful germ, 
or make them liarmless if the germ is 
dangerous. 


SOME POPULAR MISCONCEPTIONS ABOUT 
THE AMERICAN INDIAN 

By M, W. STIRLING 

CHIEF, IlCREAU OF AMERICAN ETHNOLOGY, SMITHSONIAN INSTITTTTION 


When I was a small boy, the Thanks- 
giving season always brought to mind 
ratiu'r confused pictures of the Pil- 
grim fathers alternately fighting off 
savage attacks of the Indians and re- 
ceiving from them gifts of corn, pump- 
kins and turkeys. The general impres- 
sion wdiich I retained w^as that, while 
the Indians had occasional altruistic 
outbursts, on tlie whole they were sav- 
age and undesirable neighbors. 

In the Peabody Musinim at Harvard 
University is preserved what is prob- 
ably the oldest relic in the United 
States procured by white men from a 
living Indian tribe. This is an Indian 
bow dating back to the early Newr 
England colonial period. An ancient 
label still adhering to the specimen 
reads as follow\s: “Indian bow, taken 
from an Indian at Sudbury by John 
Goodenough, who shot the Indian.*’ A 
long and interesting tale of misunder- 
standing precedes the penning of this 
terse statement. 

In the year 1608, Edward Harlow 
was sent in a ship by Captain John 
Smith of the new Jamestown colony to 
explore the Cape Cod region. When 
he landed there and the Indians came 
out to meet him, he seized five of them 
and carried them off, taking them with 


him to England. The next touch of 
hospitality encountered by the Indians 
of the Plymouth region was w^hen 
Thomas Hunt was sent there from 
Jamestown in ]()14 to determine the 
de.sirabilily of the site for colonization. 
When he landed the Indians came to 
meet him in a fricuully manner. He 
invited them on his ship and as soon 
as they were aboard clapped them all, 
twenty-four in number, under hatches 
and carried them off to sell them as 
slaves to the Spaniards. One of the 
Indians w’ho later escaped was brought 
back to Plymouth by Captain Dermor 
who attempted to regain the good will 
of the Indians of the region in 1G19. 
How^ever, the natives, in view of what 
had happened on the two previous 
visits, were not in a mood to parley. 

The next year, 1620, w^as the year of 
the landing of the Mayflower and the 
Pilgrim fathers. It is not surprising 
that they had difficulty in making con- 
tact with the Indians. The first shore 
party that landed found several houses 
from which tlie Indians had fled. Near 
these WTre large pits filled with corn 
w^hich the Indians had stored for their 
winter supply. The colonists promptly 
robbed the pits of all the corn which 
they contained and the houses of their 
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utensils, all of which they brought with 
them to the ship. Several days were 
spent by the colonists in cleaning out 
the corn caches of the neighborhood 
and in addition several graves were dug 
up and the articles accompanying the 
burials taken. Had it not been for 
Squanto, the English-speaking Indian 
who had been returned the previous 
year by Cai)tam Dermer, the colonists 
would probably never have encountered 
the Indians on a friendly basis. Fur- 
thermore, without the instructions of the 
Indians in regard to planting, the 
colony would have failed from starva- 
tion the first year of its inception, and 
there would have been no Thanksgiving 
to celebrate. 

The experience of the Massachusetts 
Indians was typical of the sort of gre(*t- 
ing the Indians had receiv(‘d from the 
time of tlie first landing of Columbus. 
The fact that in many places they had 
the spirit to defend themselves against 
robbery and slavery gave rise to the 
first of our list of concei)tions ‘‘that a 
good Indian is a dead Indian. 

Despite his reputation to the con- 
trary, the Indian was not by nature 
particularly warlike Tribes that in 
later days bitterly obstructed the inva- 
sion of the whites, were invariably, on 
first contact, friendly and hospitable. 

Some of the tribes of the Great Plains 
practiced a peculiar sort of warfare as 
a manner of gaining individual prestige, 
and the Aztecs seemed to be on the 
verge of developing an idea unique 
among Indians ; that of supporting 
themselves by conquest. Most Indians, 
however, avoided fighting whenever 
possible, but fought fanatically when 
driven to it. 

Warfare among the Indians was not 
as a rule a tribal matter excepting in 
the case of defensive fighting for mutual 
protection. War parties were organized 
by individuals, usually adventurous 
young men. Any one might organize 
such a party and collect such volun- 


teers as would accompany him. Fre- 
quently wiser old men would attempt to 
dissuade such an exploit but no one 
had authority to prohibit such a ven- 
ture. Actual fighting was as a rule by 
ambuscade or surprise attack. Military 
tactics wore never used until the bene- 
fits of organized fighting were learned 
from the whites. 

The earliest of all the mi.sconceptions 
about the Indians arose immediately 
upon the discovery of America, wlicn 
('olumbus tliought he had reached the 
East Indies and therefore called the 
natives “Indians.’’ 

Early in tin* 16th century, when 
America became definitely recognized as 
a separate continent, Europe began to 
speculate upon the probable origin of 
the natives. By this date Christianity 
had become firmly entrenched as the 
religion of Europe. In keeping with 
the religious spirit of the age, a solution 
of the problem was first sought in He- 
brew tradition. As a result there were 
soon circulated many publications pur- 
porting to demonstrate that the Indians 
were descendants of the “Lost Tribes 
of Israel.’’ As there are certain basic 
similarities in the cu.storns of primitive 
peoples throughout the world, it was 
an easy inattc'r to demonstrate resem- 
blances between the American Indians 
and the early Hebrews. 

Speculation did not stop at this point, 
however. Energetic writers began to 
see resemblances between the pyramids 
and temples of Central America and 
Mexico and those of ancient Egypt or 
India. Otliers thought that they could 
see the hands of the Phoenicians or the 
Greeks in some of the customs of the 
Indians; in fact, most of the high civili- 
zations of Europe, Asia and Africa 
wore each supposed by some writer at 
some time to have been the point of 
origin of the Indian or of his civiliza- 
tion. Not content with having ex- 
hausted all of the known culture centers 
of antiquity, enterprising theorists had 
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drawn upon mythical or assumed civili- 
zations in order to furnish parents for 
our orphan natives. The myth of 
Atlantis and the theory of a lost conti- 
nent in the Pacific have furnished 
colorful material for fanciful accounts 
of forprotten migrations. 

The story of tribes of ‘‘White In- 
dians is one of the most persistent of 
the legends connected with the alleged 
exotic origin of the Indians. As early 
as the seventeenth century Wefer noted 
the frequent existence of albinos among 
the natives of Panama, and there have 
been frequently occurring notices of 
these people since that time. The sup- 
posed ancestors of these groups have 
been variously attributed to the Norse- 
men, the Irish, and the Welsh. 

In connection with popular ideas of 
this nature there might be mentioned 
the widespread belief in the past or 
present existence of such abnormalities 
as races of giants, pygmies or people 
with tails. The folk lore of the Indians 
contains many tales of giants and 
dwarfs to which credence has been 
given by white hearers in many in- 
stances. In old burials unskilled ob- 
servers have frequently mistaken the 
skeletons of children for those of 
dwarfs. The fallacious idea of a race 
of dwarfs is probably most prevalent in 
the Pueblo region of the Southwest. 
This is due partially to the finding of 
the mummies of children, and partly to 
the frequent occurrence of miniature 
storage rooms with small doorways, 
these having been interpreted as the 
dwelling places of pygmies. 

Never a year passes without at least 
one newspaper report of the finding of 
the bones of an alleged giant. These 
finds when investigated invariably turn 
out to be the bones of large mammals, 
fossil or otherwise, supposed by the 
discoverers to be human remains. In 
some instances actual human remains 
in a burial have become separated in 
such a manner as to give to the un- 


trained observer the impression of 
abnormal stature. 

It might be said at this point that 
the studies of anthropologists have 
demonstrated that the American In- 
dians are essentially of one racial type, 
probably the basic type from which the 
Mongoloid peoples of Asia have also 
sprung. 

There are a number of beliefs which 
have long held general credence con- 
cerning the existence of pre-Indian or 
non-Indian races in America. It was 
believed for a long time that the mound 
builders of the Ohio and Mississippi 
valleys and the cliff dwellers of the 
southwestern United States were not 
only racially distinct from the Indians, 
but possessed a civilization superior to 
them. These beliefs have persisted in 
spite of the fact that it is now well 
known that many of the mounds were 
erected during historic times, and their 
function described by early travelers. 
Many of the mounds when excavated 
contain numerous articles of European 
manufacture. The skeletons and arti- 
facts found in the pre-Columbian 
mounds show that their builders were 
Indians with a culture differing in no 
material degree from their historic 
descendants. 

The pueblo dwellings erected on the 
cliffs in the arid Southwest were in no 
way distinct from other pueblo dwell- 
ings either as to the nature and degree 
of civilization of their occupants or as 
to the period of occupancy. The cliff 
dwellings were inhabited simultane- 
ously with the other southwestern vil- 
lages throughout virtually the entire 
period of occupancy of this region, his- 
toric and prehistoric. "We now know 
from the growth of tree rings in wooden 
beams found in the structures the exact 
years in which they were erected. Most 
of the principal cliff dwellings were 
edected in the years 1100 to 1300 A. D. 

Probably no misunderstanding 
brought about as much ill feeling and 
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bloodshed between the Indians and 
whites as the difference in concept con- 
<;erninj? the ownershix) of land. The 
land within the tribal boundaries be- 
longed to the tribe as such. Neither the 
individual nor the family possessed 
vested riglits in land altliough each 
family might appropriate for purposes 
of cultivation as much as they required 
of any unoccupied land within the 
tribal boundaries. It was therefore im- 
possible for any chief, family, or any 
section of a tribe legally to sell or give 
away any part of the tribal holdings. 
Naturally any documents or ijurchases 
of this nature had no meaning to the 
Indians. The early settlers seemed 
never to have learned this fact. Re- 
gardless of any negotiations carried on 
by individuals, the Indians of course 
considered themselves ousted when the 
whites took possession of their lands. 

The religious ideas of the Indian have 
been little understood by the layman. 
Such terms as the ‘‘Great Spirit’’ and 
the “Happy Hunting Ground” are in- 
ventions of the white man. The concept 
of a ruling, all-powerful deity is a po- 
litical analogy applied to supernatural 
powers, which could be conceived only 
by a people aware of centralized power, 
such as existed only in the Old World. 
Far removed from this conception was 
the Indian belief in a multitude of 
spirits whose abode was to be found in 


both animate and inanimate objects. 
His rituals and sacrifices were con- 
ducted With the sole purpose of propi- 
tiating these spirits. The Indian in no 
way mixed his ethics with his religion. 
Moral principles of good or evil w(»re 
not a characteristic of his deities, as 
his religion was purely practical. Con- 
S(»queiitly ideas of reward or punish- 
ment after death or any such spirit 
abodes as a happy hunting ground or 
an Indian hell were equally foreign to 
his conceptions. 

The Indian was far behind his Euro- 
pean suc(*essors in such matters as the 
control of natural forces and principles, 
although his observation and knowledge 
of the organic life of his environment 
was surprisingly full and accurate. 
Virtually every Indian was a born 
zoologist and botanist and a keen ob- 
server of nature. The depth and beauty 
of his philosophy and religion has been 
but little understood by the white man. 
As an artist, poet, orator and dramatist 
he has never been excelled. 

It is unfortunate that a general 
knowledge of these facts comes at a 
time when in most regions of America 
the Indian himself has almost forgotten 
the old customs and the old beliefs. It 
is a curious fact that the generations to 
come will have a clearer perspective and 
understanding of the Indian than did 
most of his white contemiioraries. 



A DWELLER IN THE PINEY WOODS 

By Dr. FRANCIS HARPER 

SWARTHMORE, PENNSYLVANIA 


For uncounted ages the piney woods 
on Billy’s Island had stood in their 
matchless glory. Successive patriarchs 
of the forest had reared their topmost 
green sprays ninety or perhaps even a 
hundred feet toward the blue Okefino- 
kee skies, while the seasonal breezes had 
played upon their needles, sending down 
soft Aeolian music to charm each pass- 
ing generation of men, whether red or 
white. Here had roamed the Seminole 
bowmen, including Chief Billy Bowlegs 
himself, when deer had been as numer- 
ous as the cattle of later days. Here 
the Confederate deserter had made him- 
self a snug retreat during troublous 
war-times. Here Maurice and Will 
tlenry Thompson had come in 1866 on 
their earliest excursion to the region, 
finding a rich field for their literary 
gifts. At about the same period James 
Lee, great-grandfather of the present 
inhabitants, had settled here as a pio- 
neer, winning a livelihood from the 
wilderness about him. Besides being 
historic ground, this had seemed, at my 
first rapturous sight of it in 1912, one 
of the loveliest of earthly spots. 

Nine years later the great brown 
trunks of the pines, both longleaf and 
slash, bore the fresh scars of the turpen- 
tiners — those melancholy forerunners of 
the axmen and sawyers. Even so there 
were delights in store for one roaming 
through the gladelike woods on this 
morning of May 16, which had been 
cloudy and lowery since dawn. For a 
day and a night previously there had 
been rain in the great swamp. All the 
low undergrow’th was still wet ; saw- 
palmetto, huckleberry and gallberry 
spattered me with rain-drops as I 
brushed through their thick ranks. In 


almost any direction my view extended 
for a quarter of a mile through the level, 
open woods. The vegetation was at its 
fairest and greenest, and summer bird 
life was near its fullest tide, for in the 
Okefinokee mid-May is more summer 
than spring. The chant of the pine- 
woods sparrow was fitting music in this 
outdoor cathedral; the bob-white called 
its name; the brown-headed nuthatches 
chattered to each other in the tree-tops; 
the trill of the pine warbler sounded 
almost as soft and mellow as the mur- 
muring of the trees in w hich it makes its 
home; and now and again other regular 
inhabitants of the piney woods, such as 
the jorce, the yellow-throated warbler 
and the wood pew^ee, contributed their 
notes to the general chorus. 

Presently I became aware of a distinct 
addition to these songs and calls among 
the pines — some shrill piping whistles 
sounding from here, there and yonder. 
Did this elfin sort of music originate 
from bird or amphibian? Where were 
the authors— on the ground, among the 
bushes or in the trees? IIow far away 
were they? For long I could make no 
headway in solving these questions. 
Whenever I endeavored to follow one of 
the sounds to its source, it would cease 
or retreat, only to be heard from other 
points. The thing was utterly baffling. 
[ was becoming fairly desperate. But 
eventually I hit upon an expedient that 
often works in such contingencies. 
Carefully getting a bearing on one of 
the sounds from a certain direction, I 
moved off at an angle for some distance, 
then got a bearing from another direc- 
tion. It now merely remained to pro- 
ceed toward the point of intersection of 
these imaginary lines, which luckily fell 
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FKi I A Ji MifT \T OF TIIK OAK TO\r> 

\M(IN(I ^LASFf DIMS \\D SAW-D A [4 M ETTOS ON 

liuoADOo Island, OKI- FivoM i« S\\ amd, ({koucha, 
Jlnl o, IIHJO 

in a fairly opon spare At tin* last I 
down on liands and knees, and ean- 
liously advaneinji in tins manner, had 
seariH'Iy eoveiMHl a yard when a little 
blaekish toad, \Mth a jiale ;^olden streak 
down its ba(*k, imnh* a sli^dil inov(*nient 
ainon^- the ^rass and saw -f)almettos he- 
fon* me 

Unto (jnt rt'Icns, the oak toad’ Here 
was a pri/(* inde(*d Xo lonji'cn' nor 
wider than the last joint of iha fore 
tinjjrer, it is hy all odds the smallest Jhijo 
ol’ North Am(*riea. if not of the (mtiro 
AAorld Tt seare(*l\ attains one t<*nth 
th(» hulk of its hi;:’ (*ousins, the Ameriean 
toad and the Sonth(*rn toad From tin* 
babi(»s of these speei(‘s it imiA be rea<lil\ 
told by its V(‘rtebral streak, its relativelA 
smaller head and the bright oranjxe dots 
about its le^s 

While the little fellow^ before me n*- 
mained ])laeid and silent, others not far 
otT continued at interxals their plaint]v<*, 
hi^fh'pitelied jieepinjjfs. ph(‘ri)-]>hrr}), 
phvfp-pliecy, phrep-phecp-phccp, plirrp- 
plicvp-pheep-pluep. After several min- 


utes of motionlessness on the part of 
both of us, my new aecpiaintanee made a 
f(*w hdsnrely forward moviummts, crawl- 
ing with one le<>: at a time, lizardlike, 
with body (df the ground. It AAas not 
until 1 })oked a straw' at it that it nuuh* 
hops of a eoiiph* of inches or so. Even- 
tually it made a f(‘W^ such hops of its own 
volition, thoup:!! still erawlinp: for the 
most part It was interesti'd in ants 
runninji: about m*ar it, turning its body 
to A\atch th(*m and iinNsently thrusting 
out its tonj^ue to lick one up. For half 
an hour I watch(*d it movinjj; fnsdy 
about within a few feet, but it did not 
ARUitun^ to perform vocally, though the 
heavy showers that fell upon us should 
have stimulat(‘d it To witness that per- 
formance' was a treat n'seTved for lat<*r 
occasions 

The oak toad was originally described 
111 1840, from Carolina specimens, by 
tin* learned Hr Holbrook in Ins classical 
ANork on ‘Worth Am(*ricaii tFerpeb)!- 
eijTN It ran^^(‘s fiHun X'orth (^arolina t<» 
Florida, Alabama and Jjouisiana, and 
s<*cms to he* restrie*te*el te) the* (‘oastal 
Plain 4\ love*r eif elry i)lace*s, it is feiunel 
within the* ( )ke*line)ke*e* only em the 
ishmels, such as Hilly’s, Hone*y, Jones, 
(’ln*sse*r\ ami Hii^^aboo Jn tin* sur- 



Fiei 2 Tilio ()\K 'POM) jse^ovspicreirs 

AVIIENT PLAe’ED ON A PALMETTO 14 FAF TAMP 
(’OKNPLIA, ClIARI.TON COUNTA , (lEORLIA, ^SF AY 

24, m2!) 
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FIG. 3. THE OAK TOAD’S PROTECTIVE 
COLORATION 

MATCHES THE GROUND LITTER IN THE PINKY 

WOODS. Camp Cornelia, Charlton County, 
Georgia, May 24, 1929. 

rounding region it ranges widely, being 
particularly abundant on Trail Ridge, 
betw(‘cn the swamp and the St. Mary’s 
River. Since the driest areas are gen- 
erally covered with pine barrens (in- 
cluding the so-ealled “oak ridges”), the 
toad is a very characteristic species of 
this habitat, living among the saw- 
palmettos, gallberries, huckleberries, oak 
runners, wire-gravss and other vegetation 
making up the undergrowth. 

The oak toad gives an impression of 
being particularly numerous at no great 
distance from the habitations of man. 
Is this perhaps correlated with the fact 
that man tends to exterminate snakes, 
which must be among the principal 
enemies of the species ? Or is it a simple 
expression of the desire of both men and 
toads to occupy the driest available areas 
in this low country? In this connection 
I recall several days of heavy rainfall on 
uninhabited Black Jack Island in July, 
and several days of variable June 
weather on Bugaboo Island, where the 
only habitation was a small turpentine 
camp, just established. I recorded no 
oak toads on Black Jack and only a few 
solitary calls on Bugaboo, though June 


and July are in the midst of the vocal 
season. Snakes of various kinds ap- 
peared unusually common on the latter 
island, perhaps because of infrequency 
of both fires and men. On the other 
hand, it may be noted that both these 
islands appear somewhat lower and 
damper than other islands of the swamp 
where the toads are more numerous. ISo 
the absence or comparative scarcity of 
oak toads in wet and intermediate pine 
barrens very likely indicates a strong 
preference for the driest parts of the 
piney woods. 

Although the larger toads of the East 
(American, Southern and Fowler’s) are 
mostly crepuscular or nocturnal in 
habits, the oak toad is frequently found 
abroad and heard calling during the 
brightest hours of the day. l*robably its 
tiny size enables it to escape many 
hazards that might befall the larger 
toads if tliey braved the daylight to as 
great an extent as it does. Furthermore, 
its variegated color pattern is highly 
protective in its normal surroundings 
(Fig. 3). When alarmed, it is apt to 
f*ower down, with head held close to tlie 
ground, so as to render itself still more 
inconspicuous than usual. 

Rarely have I been able to note in 
what sort of a retreat it elects to spend 
its inactive hours. Once, on lifting a 
slab of wood lying on the ground in dry 
pine barrens, I found an oak toad occu- 
pying a little hole beneath it, about an 
inch and a quarter in depth and five 
eighths of an inch in diameter. At an- 
other time, while I was trying to 
maneuver one into position for a photo- 
graph, it suddenly backed down into a 
three-quarter-inch hole in the ground, 
where it remained peering out of the 
entrance. Probably the use of such holes 
for hiding-places is a general habit with 
the oak toad, as it is with its congener, 
the Southern toad. 

As a vocalist, this is one of the most 
remarkable of the twenty species of tail- 
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less amphibians known in the Okefinokee 
region. Pew can rival it in relative ex- 
pansion of the vocal sac, and none can 
compare with it in oddity of shape of 
this apparatus. In spite of the toad’s 
pyK^^y size, its shrill notes carry to a 
distance of probably a quarter of a mile. 

Its vocal season extends at least from 
early May to the latter part of August. 
Heavy rainfall, combined with a tem- 
perature above 70^ P., produces the 
right conditions for a tremcuidoiis out- 
burst of peepings, either by day or by 
night. The toads then resort in great 
numbers to the cypress j)onds, or to such 
temporary waters as roadside pools, pud- 
dles in cornfields or flooded grassland. 
The eager males take up their positions 
close to the wat(*r’s edge, in grass, on 
sticks, pine-cones or clods of earth lying 
in the water or on floating chips. In 
moving to some new position, they may 
take bodily to the water, swimming ac- 
tively along beneath the surface and 
pausing now and tluni to sprawl out with 
part of the head above the surface. 
While swimming, they hold the arms 
curved forward along the sides of the 
head, the fingers about reaching the 
snout. Meanwiiile the hind legs furnish 
the motive power. The position of call- 
ing is generally out of the water, though 
at its very edge. 

The vocal sac, wlien fully expanded at 
the moment of pecjiing, takes on the aj)- 
proximate shape of an inverted sausage 
balloon, almost half the size of the toad’s 
whole body (Fig. 4). It is somewhat 
compressed, with a greater vertical than 
lateral diameter. The part of the sac 
nearest the body lias a milky white ap- 
pearance, but the outer half is translu- 
cent and water-colored. In the slight 
pauses between some of the peeps the 
sac is deflated to about one half or one 
third the full size, but sometimes two 
peeps are given in such rapid succession 
that no time is allowed for the sac to be- 
come deflated to that extent. In the 



PIG. 4. OAK TOAD GALLING, WITH 
INFLATED VO(^AL 8AC. 

In a roadsidk ditch near Spanish (^reek, 
Charlton County, Georoia. Fi^ashlioht 
imiotourafus ahout 1 A. M. and i:‘J0 A. M., 
June 22, 1929. 

intervals between the series of peepings 
it collapses almost entirely. The sac is 
filled with air forced from the lungs, 
and apparently some of the same air is 
reinhaled into the lungs. Meanwhile the 
toad doubtless makes use of a valve, as 
the frogs do, for preventing the escape 
of air through the nostrils. The sides of 
the body are seen to be compressed as 
the sac swells out to its full size, and 
they expand again rhythmically as the 
sac is partly deflated between peeps. 
The distention of the body during the 
calling periods is so great that sometimes 
the toad seems able to touch the ground 
with only the tips of its fingers; or it 
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may have to leave one arm entirely sus- 
pended in the air (Fig. 4). The eomical 
inflation of the tiny toad, eombined with 
its earnest demeanor, makes a spectacle 
to be long remembered. 

In 34 calling periods of several dif- 
ferent individuals in June, the num- 
ber of peeps ranged from 8 to 37, 
with an average of about 23. When the 
toad is in lusty voice, the intervals be- 
tween calling periods last for only two 
or three seconds. The rate of calling 
vari(‘s from about to 2 peeps per 
second. The slower rate has been noted 
after the toads had been calling for 
hours and were la^rhaps becoming ex- 
hausted. The individual peeps are not 
giv(*n at uniform intervals. There is 
usually an appreciable pause between 
ev(»ry few peeps, but marked variation 
renders it impossible to record a typ- 
ical series of notes. The following will 
serve as random examples: pheep-pheep, 
pheep-pheepj plieep-pheep, pheep-pheep, 
pheep; and pheep-pheep, pheep-pheep- 
pheepf pheep-pheep-pheep, 2)hc€j)-pheep- 
phvvp, pheep-pheep-pheep, pheep-pheep- 
pheep, phrep-pheep'phccpf pheep-pheep- 
pheep} These calls of the males serve 
a biological fujiction in attracting the 
females to the bodies of water where 
mating is to take place. 

Fair-weather calls, whether diurnal or 
nocturnal, are generally rather desul- 
tory. But when multitudes of the oak 
toads forgather during or after espe- 
cially (‘opious summer showers, the din 
produced by the elfin bagpipers is sim- 
ply ear-splitting. Several such gather- 
ings stand out in my memory. Two 
occurred in the late afternoon in rain- 
filled depressions in pine lands — one on 
Honey Island on July 3 and one near 
Hilliard, Florida, on August 16. Others 
were at night — at a cypress pond on 
Chesser’s Island, July 16, and in a 

1 The notes .joined by hyphens are given in 
rapid sweession, while the commas indicate 

pauses. 


flooded field near Trader’s Hill, July 3. 
On this last occasion, particularly, our 
eardrums w’ere in a fair way to cave in ; 
we had to shout to each other to make 
ourselves understood, and some of us felt 
the effects in our ears for S(*veral hours 
afterw’ards. In such a species, size is 
certainly no safe index of vocal power. 
During tlnvse extraordinary outbursts of 
vocal activity, when the mating madness 
is upon them, the oak toads are quite in- 
different, even by day, to a person stand- 
ing within a yard. 

During the mating season, which ap- 
parently extends from May to August, 
each female probably deposits eggs at 
several different periods. A little past 
midnight on Jum^ 22, after a hard storm 
of the previous afternoon, I observed the 
act of oviposition in a roadside ditch 
near Spanish Creek west of Folkston. 
The male maintained an axillary hold 
with its right hand, and a supra-axillary 
hold with the left. The pair paddled 
along a few' inches at a time with the 
use of their six free limbs. As they 
came to a definite i)ause every minute 
or so, some eggs w’ere expelled and fer- 
tilized. While they proceeded toward 
the n(»xt stop, a curious little straight 
string or two of five or six eggs each 
could be seen dangling from the female, 
soon to become detached on a grass blade 
or other object in the water. In several 
observed instances, the string of eggs did 
not fall to the bottom of the shallow pool. 
Within another day or so this i)ool had 
more or less completely dried up, and 
so the laying had gone for naught. 
Since many of the waters in 'which the 
oak toad breeds art* of a very temporary 
nature, the mortality among the eggs and 
larvae must be very high. 

In common with some of the tree-frogs, 
the oak toad seems to pale out somewhat 
at night, its color pattern becoming 
lighter and more distinctly variegated. 
Its somber diurnal appearance in Figs. 
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2 aiul 3 may be contrasted with its brijjfht 
nocturnal patt(‘rn in Fij?. 4. Oi’ is the 
latter possibly a nui)tial ratlier than a 
nocturnal coloration? 

In various respects — such as the sound 
of its notes, the shape of its vocal sac 
and the pulsating manner of infiatinjjc 
it, its diurnal activity, the nature of its 
ef?gs and its dwarf size — Jiufo (jucr virus 
seems to be a rather aberrant imuuber 
of its j^enus. All the otlier species of 
tin* eastern United States (and some of 
other rej^ions as well) liave a rounded 
vocal sac and keep it fully inflated dur- 
ing the single comparativcdy lengthy 
call, which consists of a g<*nerally steady 
trill, squawk or roar, as the case may be. 
Two Western species, Hufo co(fnatus and 
Bufo compactilis, by the possession of 
a vocal sac sliaped much like that of 
Bufo quercicus, may show closer rela- 
tionships with it, but comparatively lit- 
tle is on record as yet in regard to their 
habits and life histories. 

I have had abundant occasion to 


esteem the remarkably keen knowledge 
that the Okefinokee residents possess of 
their wild animal neighbors. It is of 
particular interest, therefore, to realize 
how generally they have gone astray in 
the excejitional case of this tiny am- 
phibian. While its shrill piping sounds 
through the i>iney woods, ask any inhabi- 
tant of the swamp or its environs to give 
heed to the notes and tell you what they 
are. Is it an Okefinokee penchant for 
accuracy in distinguishing between first- 
hand and second-hand information that 
leads him to respond in a manner less 
direct than usual, “Well, sir, folks saij 
that’s a black snake hollerin^ Ten 
years ago practically every ans\^cr, if 
informative at all, would have been of 
this sort. Nowadays some will respond 
at once, A\ith perhaps a not wholly con- 
cealed air of satisfaction over recently 
ticquired knowledge, “That’s a oak 
toad.” I have b(»eome so used to the 
first type* of answer that 1 confess I am 
sonH*tim(\s ratluu' .startled by tin* second. 
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THE PROGRESS OF SCIENCE 

THE CLEVELAND MEETING OF THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE AND ASSOCIATED SOCIETIES 


Ttte Cleveland meeting was note- 
worthy in showing very clearly an 
awakening sense of broad social re- 
sponsibility on the part of the associa- 
tion's membership. During the past 
few years there has been evident among 
thos(» contributing to the programs an 
increasing tendency to broaden the ap- 
I)roach to their subjects in such a way 
as to make their contributions of inter- 
est to a much larger circle. This change 
of attitude is evidence of the increasing 
self-confidence of American science, for 
it is always the timid worker who ex- 
pounds his subject in such a highly re- 
fined and technical terminology that 
none but specialists in his own line are 
able to understand what he is talking 
about. 

Of course a highly technical phrase- 
ology is and always will be necessary in 
discussing topics in all the more special- 
ized subdivisions in all branches of sci- 
ence. Yet it is at the same time true 
that the deeper one goes into any sub- 
ject, no matter how restricted the sub- 
ject may be, the easier it becomes to ex- 
press one’s ideas in more or less simple 
language. 

As a result of Ihe increasing propor- 
tion of papers wliich, though incorpo- 
rat(*d in the technical program, are quite 
intelligibh* to any one with a good edu- 
cation, the gap between the so-called 
popular lectures and the more general 
papers on the section and soci(‘ty pro- 
grams is rapidly being bridged. In- 
deed, at the Cleveland meeting a w^holly 
satisfactory series of popular lectures 
could have been arranged by simply 
choosing contributions here and there 
from the s<»ction programs. 

An unusual number of papers of out- 
standing importance were presented at 
this meeting. These papers included 
the first public mention of new^ develop- 


immts or discoveries of great interest in 
several different lines. In otlier papers 
there was given further information on 
discoveries whi(*h had first been an- 
nounced within the past twelve months 

There w^ere about four hundred and 
fifty more paj^ers and addresses pre- 
sented at the Cleveland meeting than 
w^ere presented at Des Moines a year 
ago. Considerably more than half of 
this incr(*ase w^as in the field of biology 
and agriculture, together with anthro- 
pology. 

This increase in the relative impor- 
tance of the biological and allied sci- 
ences at the Cleveland meeting is partly 
to be explained by the fact that, in con- 
trast to those line*s of science more 
closely related to what is commonly 
termed industry, the twenty-two socie- 
ties among which at the association 
meetings the biological and allied sci- 
ences were distributed still find in these 
m(*etings the best opportunity for their 
annual assemblies. 

The eccmomic as w'cll as the other 
aspects of biology is still largely cen- 
tered in our universities, colleges and 
allied and similar institutions, so that in 
biology there is not the dual allegiance 
— to acadtmiic activities on the one hand 
and to industrial life on the other — that 
has in recent y(»ars become so mark(‘d in 
other lines of science. 

But the relative increase in the im- 
portance of the biological contributions 
can not be wholly attributed to its 
largely academic aspect. It is at least 
partly due to a relative increase in the 
general interest in biology itself. 

A striking feature of the meeting was 
the large number of young men and 
w^omen who attended the sessions and 
presented papers. This w^as of course 
partly due to the accessibility of Cleve- 
land in reference to the scientific centers 
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MEMBRRS OF TllK EXfXnTTIVE C70MMITTEE OF THE AMERICAN AMKOCIATION 

KITTIN<I from l.EFT TO BIGHT: DB KOBKKT A. MlLLlKAN, HKTIBINO PRESIDENT OF THE ASSOCIA- 
TION; Dk. Thomas Hunt Mohoan, president; T>b. J. Mi Kekn (’attell, chairman of the ex- 
ecutive COMMITTEE. STANDING: J)R. Hi RTON K. ThVINGRTON, DIRECTOR OP THE LABORATORY Op 

Plant Physiology at the Johns JIopkins ITniversity, permanent secretary, now elected 

GENERAL SECRETARY; Dr. HeNRY R. WARD, HEAD OP THE DEPARTMENT OP ZOOLOGY AT THE UNI- 
VERSITY OP Illinois; 1)r. David R. Curtiss, professor op mathematk’s at Northwestern 
University. Members op the executive committee not shown on the photograph are: 
De. Frank K. Lilue, chairman op the department op zoology and embryology at the I^ni- 

VBRSITY OF ChK’AGO, GENF.RAL SECRETARY; Dr. KarL T. OoMPTON, PRESIDENT OP THE MASSACHir- 

BKTTH Institute op Teijhnology; Dr. Joel H. Hildebrand, professor of chemistry at the 
University op Calipoknia, and Dr. Vernon Kellogg, permanent secretary op the National 

liESEARcii Council. 
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in the northeHstcn’n s(‘etion of tiie United 
States and southern Canada. 

For its liealthy development seienee 
dep(*nds on younj> people with ideas and 
with eouray:e to expound them. It is 
^rntifyin^, therefore, to find that a 
large proportion of the papers on the 
program AN(*re given by (*ontributors 
\\lios(‘ names are not as yet to be found 
in the pages of ‘'Ameriean Men of 
Seienee.'’ 

The annual meetings of the assoeia- 
tion serve tliree purpos(‘s : They provide 
an opportunity for the (‘xehange of 
ideas among researeh workers in the 
same or similar lines of seienee; they 
afford an opportunity for bringing sei- 
ence to the general mass of the popula- 
tion upon Avhose appreeiafiv(‘ support 
seientifie advance is ultimat(*Iy d(*pen- 
(huit through the medium of a sympa- 
thetic press; and they serve as a forum 
for those just embarking ut)on a seien- 
tifie career. 

It may be truthfully said that at the 
Cleveland meeting the last two aims 
wen* more successfully served than has 
ever been the case b(*fvore, while the first 
in no way suffered by the emphasis on 
the other two 

Besides tlie interchange and diffusion 
of scientific thought and of the scientific 
spirit through the pn‘sentation of tech- 
nical papers and of addresses, and also 
through social a.ss(*mbiies, the associa- 

THE SCIENCE 

Tin: Am(‘rican Association forthe A<1- 
vanc(‘m(‘nt of Scieni*e, at the recent 
meeting in Cleveland, made a new 
g(‘stur(* in k(*eping \Nith its underlying 
policy of making the advancement jn 
sch‘ii(*e intriguing and understandable 
to the general i)ublic. This new move 
was the installation of enticing exhibits 
illustrative in one way or another of the 
advances of sci(Uicc through research. 

It is not feasible nor even desirable to 
recreate the research worker's labora- 


t ion's metdiiigs are now featured by ex- 
hibits of various kinds, both commercial 
and non-commercial. At Cleveland 
there was noticeable a marked interest 
in these exhibits over and above the 
more or l(*ss casual notice which they 
hav(‘ attract(‘d at previous meetings. 

It is not possible to say for certain 
whether the increase in the number of 
jieople constantly in the exhibit hall was 
due to the attraction of the exhibits 
themselves, or whether it \>as due 
merely to the fact that the exhibits 
Avere more centrally located in regard to 
the meeting plac(»s than has heretofore 
been the case. 

Tlu‘ success of a meeting is by no 
means a matter concerning the mernber- 
.shi[) of the association alone. It depends 
very largely uiion the spirit in which 
the association is received by the popu- 
lation of the city wherein the meeting 
is held. 

The association owes the City of 
Cleveland, the Western RescTve Univer- 
sity and tin* (^ase School of Applied 
Schuicc a la.sting d('bt of gratitude not 
only for the cordial reception of its 
members during the meeting, but also 
for the most excclhuit, thorough aiul 
compr(*hcnsive manner in which the 
laborious and intricate work of pre- 
])aring for the meeting was handled. 

Austin II. Cuakk 

EXHIBITION 

tory, but rather to set out one or more 
illustratio!) ^ from the laboratory which 
would have meaning and inter(‘st to the 
lay public, as well as to the scientist not 
versed in that particular field of en- 
deavor. 

It is assumed that the botanist stands 
on about the same footing as the high- 
school student when evaluating an (‘X- 
hibit in the physical science.s. More- 
over, the physicist is generally fasci- 
nated by a clever, objective presentation 
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THE EXHIBIT OP THE AMERICAN MUSEUM OP NATURAL HISTORY 

A IMIOTOGRAl»II or THE EXHIBIT SHOAVINQ THE WORK OF PROFESROR HeNRY FaIRFIELD OsBORN 

ON THE TITANOTHKRER. 


in pliysies wlicii it is in a field in which stuf^e jierformance. Third in order of 
he has only a vaj2:ue understaudinj?. merit are those exhibits automatically 
Therefore the preferred exhibit is di- in motion and showing: some projrression 
riTted to an intellectual age of about in illustrating a fact or a theory. Live 
fourteen mice being chased around a small stage 

There are many elements entering by a disagreeable light or by eleetrieal 
into a general evaluation of an exhibit, shocking devices of different freiiuen- 
The most important is visitor partieipa- eies from different parts of the cage 
tion If the set-up is so designed that would come in this same category, 
the visitor can push a button, turn a Static exhibits in glass eases are at 
crank or otherwise make a demonstra- about the worst disadvantage and only 
tion for himself, tin* maximum interest one degnM' bett(*r than v^Hll jiosters, 
is most certain. Next in interest are charts and tabular material, 
those exhibits in which a demonstrator However, it must be admitted that in 
causes a sequence of performance. But a collection of exhibits there is an in- 
the cleverness of the demonstrator in definable value in the correlation of the 
correlating his speech and action is exhibits, and the composite eye impres- 
quite as much a factor as it is in any sion has a value which is just as im- 
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portant, even if indefinable, as the eye 
impression tliat one jj^ets upon entering 
a home, a department store or a railway 
station. 

At tli(» Cleveland meeting there were, 
besides the eommereial exhibits, presen- 
tations in the diverse fields of science 
from the ArmTican Museum of Natural 
History, the Carm‘gie Institution of 
Washington, the U. S. Bureau of Stand- 
ards, the Crile Laboratories, University 
of rhicago, th(‘ Bell Teh'phone Labora- 
tories, Electrical Research Products 
Company, the Boyce-Thonipson Insti- 
tute, Leeds and Northrup ('ompany in 
cooperation witli tlie Museum of Science' 
and Industry of New York, the Acous- 
tics Research T^aboratory of tin* Ameri- 
can Steel and Wire ("ompany, Blodgett 
Memorial Hospital, the (leveland 
Clinic, Westinghonse Electric and 
Manufacturing Company, Dr. C. W. 
Kanolt. 

These were all good when judged by 
tlie sustaiiK'd interest of the crowds and 
by the interest of the lu'ws services, T 
am informed that the ju'wspapers gave 
almost as much sj)ace to the exhibits as 
they did to tin* remarkabh* new aclii(‘V(*- 
ments pres(»nt(‘d to the world for tin* 
first time in the form of papers. 

It should be added that commercial 
scientific establishments are of the ut- 
most importance to scientific advance. 
Schuster, in one of his books, has said 
that the advanct* in science seems to 
have followed the advance in tlie instru- 
ments of precision that an* made for tlie 
use of the scientists Tlie public does 

THE EIGHTH AWARD OF THE 

The eighth award of the American 
Association for the Advancement of 
Science prize of one thousand dollars 
was made at (fieveland to Drs. M. A. 
Tuve, L. 11. Ilafstad and O. Dahl, of the 
Department of Ti'rrestrial Magnetism, 
(-arnegie Institution of Washington, 


not know the whole story of merit in the 
advance of science unless it also knows 
of the work that is being done by these 
commercial scientific establishments. It 
was observed at Cleveland that there 
was very great interest on the part of 
the general public, as well as by the 
visiting scientists, in the eoinni(*reial ex- 
hibits. In fact, this intellectual curi- 
osity on the part of tlie public seemed at 
times to be embarrassing to tlie men 
with this type of exhibits. 

At future meetings a special effort 
should b(‘ made to enlianee further the 
mutual profit lo the coinmoreial exhibits, 
as well as to the general public. More- 
over, the eommereial establishments will 
find in each large city a great many po- 
tential amateurs among the public who 
may develop into at least (}uasi-scientists> 
and us(‘rs of scientific ecpiipment. 

I would like to close wdth a quotation 
from a talk given by Sir William Bragg 
at a recent luncheon of the New York 
Museum of Seienee and Industry: 

We lire hiiked together in one great on 
(lea\or to make the presentation ot‘ knowledge 
understood by the peo])le and useful to them. 
That IS the elemental feature. ... As time 
grows and the horizon Avidmis, we see that the 
lirst ^iews of w'hat seicnee does are greater 
now We are all committed to the attempt t(^ 
ti\ to bring it to the service of mankind It 
IS a gient enterprise and we only see dimly 
now what can b(‘ done, but we do hope to do 
nuuh In the atlem])t to exjilore the wonders 
of the ^Norld, to add beaut} where people did 
not see beauty before, v\e aio doing something 
for the serMce of mankind. 

E. C. Buow^n 

AMERICAN ASSOCIATION PRIZE 

who were joint authors of a paper en- 
titled ‘'Experiments with High Voltage 
Tubes” iiresented at the (Meveland 
meeting This prize is awarded annu- 
ally to the author of a notable contribu- 
tion to the advancement of science given 
at the association meetings. 
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Dr. M. a. Tu\e (left) and Dr. D. H. Hafstad right) .\xd Dr. O Dahl (not shown) were the recipients op the 

American Association Prize. 
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A summary of tlio -voltage work 
as f^ivon by Dr Tuvo in his presoiitation 
of the paper at Cleveland is as follows: 

(1) Usinff the* voltajjfcs produced by 

ordinary Tesla coils iinincrsed in o?l we li:i\e 
operated sectional liijjjh voltage tubes to ap- 
proMinatcly 2,000,000 Nolts. 

(2) Wo have made measiiremeiits of the d<** 
flections in a calibrated magfnctic fi(*ld of the 
b(*ta rays produced by these tubes. The inaxi* 
mum lip values (the numerical measure (»f the 
deflections of the electrons in the magnetic 
held — Kd.) measured for these beta rays cone 
spond in equivalent voltage to the iieak \olt- 
agos applied to the tube, as measured by the 
cnpjwity potentiometer. This constitutes a 
completely independent \erification of our volt 
age measureinents. 

(3) Since most of the beta- and gamma-rays 
from radium lia\e \oltago eipiivalents under 

1.000. 000 volts and nearly all be undei 

2.000. 000 volts we have artificially produced 
beta- and gamma lavs jiractically covering the 
ladium spectrum. 

(4) We have measured the gamma-rays from 
the tubes through one, tuo and three inches of 
lead using a Geiger Mueller tube counter. At 
1,300,000 volts peak the absorption coeflicieiit 
of the gamma-rays from the tube after filtei- 
jng through one inch of lead is ])rnctically the 
same ns the absorjitiou coeflicieiit of the 
gamma-rays from radium measured on the 
same instrument with the same filtering. 

The above statement, despite a few 
teehnieal jilirases, gives a reasonably un- 
derstandable aeeount of the work for 
which the award was made. In essence 
it is simply that two of the three types 
of rays emitted by radium, the beta-rays 
or very high-speed electrons, and the 
gamma-rays, or very penetrating x-rays, 
have been produced artificially in the 
laboratory. 

The work which was reported at the 
(Cleveland meeting had been presented 
two weeks previously in Washington at 
the annual public exhibit of resea reli 
activities of the Carnegie Institution of 
Washington. 

In the exhibit the high-voltage tube 
and associated apparatus with wliich the 
artificial beta-rays w'ere jirodiieed and 
measured w^as showm, togetlier with 
typical examples of tlie beta-ray records. 
Records of the gamma-rays from the 


lube, obtained aft(*r pemdrating one, 
two and three inches ot* lead, were given, 
and comparison records of the beta- and 
gamma -rays from radium were sliowui to 
illustrate the fact that the artificial rays 
produced by the high-voltage tubes cov- 
ered ))ractii*ally the complete range or 
sped rum of tiu* corresponding rays from 
radium One of the interesting technical 
features of the w'ork was the method of 
‘0H*at working” of the pyrex glass From 
winch the tubes are constructed. 

(Nmsiderable public interest has arisen 
in the possibility of using the gamma- 
rays from such tub(‘S for the treatment 
of canc(‘r, since the rays from the tubes 
an* id(‘n1ical with thos<* used in the 
tlierapeutic applications of radium. 
The c(|iiipment as used in these experi- 
ments ])roduccs an intensity of radiation 
(‘(piivalcnt to enormous quantities of 
radium but only for extr(‘mely short 
periods of time, the o])eration of the 
tube being intermittent. Due to the 
limitations of small-siziMl (»leetrical 
ecfuipment and to the lack of necessity 
for large intensities of radiation for the 
])hysical measurements, as W'ell as th(‘ 
jiersonal risk to tin* experimenters them- 
selves from h(»avy ex])()sures to the rays, 
no particular effort has be(*n made to in- 
crease the total intensity of the radia- 
tion. This would mean simply increas- 
ing the fraction of the time which the 
high voltage is applied to tin* tube dur- 
ing each second of operation, thereby 
increasing the time-average of* the in- 
tensity of the radiation from tlie tube 
]f large intensities of gamma-rays, eoni- 
parahle lo very large amounts of radium, 
are desirable for medical purposes, it is. 
so far as can he foreseen by w’orkers in 
tliis field, chiefly a matter of the pro- 
vision of the equipment which would h(* 
required. The present equipment at 
the Carnegie Institution laboratory, of 
small powTr but giving a very high volt- 
age, promises usefulness in directions 
related to atomic plo’sics rather than to 
medicine. 
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THE AWARD OF THE NOBEL PRIZE IN MEDICINE TO DR. HANS FISCHER 


The question which arises in the mind 
of the general public — and the general 
public includes everybody except closely 
related specialists — when a scientist is 
extolled by the award of a Nobel Prize 
is, What benefit will mankind derive 
from the work which is thus singled 
out? The practical benefit, however, is 
not the standard of rating of scientific 
attainment unless the term includes the 
satisfaction of the curiosities of the 
human mind. The standard for rating 
a scientific work is based on the aims of 
the given branch of science. Chemistry 
is a broad science composed of many 
branches, each having its own tasks, 
each with its own history. The branch 
of chemistry to which the contributions 
of Hans Fischer belong is named ‘M.)r- 
ganic (Uiemistry.’^ Its aim is the study 
of the architecture of substances of 
plant or animal origin. Tt is one of the 
oldest fields of human endeavor, yet it 
won tlie rank of a rational science only 
in the second half of the last century 
when it evolved its own theory and its 
own aims. Until that time the contri- 
butions of organic chemistry were of an 
empirical character. The great contri- 
bution of organic clicmistry of the nine- 
teenth century was the evolution of 
theory. If the Nobel Prize had then 
existed, it should have been awarded to 
Wohler, Dumas, liaurent and Gerhardt, 
Kolbe and Frankland, Cooper and 
Kekule — not for work on the molecular 
architecture but for devising ways by 
which the architecture became discover- 
able. The possession of the theory 
then made it possible to proceed with 
the original aim of organic chemistry. 
Indeed, so true is the theory that for 
nearly three quarters of a century it led 
to one discovery after another which 
were crowned with Nobel prizes. Suffice 
it to mention the names of Emil Fischer 
in connection vdth the molecular struc- 
ture of sugars and of uric acid ; v. Beyer 


with the structure of indigo; Willstiitter 
with the structure of chlorophyll; Wie- 
land with the structure of bile acids; 
Windaus with the structure of cho- 
lesterol. To this list now is added the 
name of Hans Fischer in connection 
with the structure of hemoglobin. 

The history of hemoglobin is a very 
long one. The substance was discovered 
in 1849 by a biologist, Leydig, who ob- 
served red crystals in venous blood ex- 
amined microscoiiically. Later observ- 
ers who prepared the crystals, not in 
microscopic but in considerable quanti- 
ties, were sceptical as to the origin of 
the color and were inclined to attribute 
the color to a contaminating substance. 
In 1862 Iloppe-Seyler, having resorted 
to the spectroscope for the analysis of 
the substance, established its individual- 
ity and introduced the name ‘‘hemal- 
globin.'^ Ilopxie-Seyler also recognized 
that hemoglobin was a complex protein 
w hich could be decomposed into a color- 
less protein and into a component re- 
sponsible for Ihe color. In fact, the 
colored component had been known 
since 1853 when Teichmann described 
the blood crystals which are nothing 
else but the colored compon(»nt of hemo- 
globin combined wdth chlorine. The 
function of licmoglobin in the organism 
is to transport to the tissues the oxygen 
required by them for their respiration; 
in other words, to permit them to de- 
velop the energy required for their re- 
spective functions. Hemoglobin, or 
rather its colored component, hematin, 
constantly undergoes decomposition and 
its supply constantly needs replenish- 
ing. It is calculated that every two 
and a half months the total hematin 
supply of the human organism is en- 
tirely renewed. The place of destruc- 
tion of hematin is in the liver and the 
useless product of its decomposition is 
the so-called bile pigment, bilirubine. 
The existence of a chemical relationship 
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bet\vec*n the two substances was lon}< 
known to physioloj^ists, but the exact 
nature of the I’elationahip was in ]ieed of 
explanation. In course of time it was 
found that substances related to liematin 
have a wide distribution in living: cells 
of animal and plant orij^in and also in 
non-cellular tissues of all forms of life. 
The nearest relative of hematin is tlie 
chlorophyll pres(*nt in all "reen plants. 

Thus it is seen tliat the problem 
of the structure of hematin and re- 
lated substances had en<raj^ed the in- 
terest of biologists and of chemists 
for a V(‘ry lon^ time and, indeed, 
to Willstatter the Nobel Prize had 
already been awanhal for his contribu- 
tion to the chemistry of chlorophyll and 
AVillstiitter already had sugfifested a 
theory of the structure of hematin. 
Kuster, in 1912, advanced a theory of 
structure of hematin which is not much 
different from the one evolved by 11a ns 
Fischer The question here a^ain arises 
as to the unusual merit of the work of 
the latt<T. The answer is found in tin* 
WTitin^^s of Hans Fischer hims(*lf. The 
colorcal coinjionent of hemojijlobin as 
first crystalliz(Hl has the composition 
^\ 4 H 3 jN 404 F 3 C 1 , hence it consists of 76 
atoms A theory of structure of the 
substance must represent such an ar- 
rangement of the atoms with respect to 
each other which expresses all its ]>rop- 
(»rties and all its transformations. 
Often, how’ever, several closely related 
arrauji^cments may ex])ress sufficient!}' 
well the properties of a substance and 
the selection of the true may pr(\s(uit 
jyreat difficulties. In discussing: his owui 
speculations as w(*ll as those of other 
workers, Hans Fischer r<*peatedly em- 
phasized that the truth of the theory 
can be demonstrated only by synthesis 
and such a proof has finally been fur- 
nished by himself. To realize the mag- 
nitude of the achievement it is necessary 
to understand that the porphyrine (the 
iron and chlorine free part) of hemin 


consists of four pyrrolnuclei (not all of 
identical structure) each consisting: of a 
ring: structure containing* 4 carbon 
atoms and 1 nitrog:en. These four units 
are combined by links of a carbon atom 
into a larger ring containing in all 20 
carbon atoms. The remaindiT of th(» 
carbon atoms, 14 in number, liave to be 
distributed as side chains of the four 
pyrrolnuclei. Information as to this 
distribution w^as obtained to some extent 
by the jirocess of cleavage which led to 
the formation of tlu‘ hemap^rrol bases 
and hemapyrrol acids. Prom the theory 
of the structure of these fragments by 
speculation, the molecule of hemin has 
been reconstructed. Hans Fisch(*r, how’- 
ever, reconstructed the molecule of 
hemin expmumentally stt‘p by step, first 
contributing much to the knowledge of 
the pyrrolderivatcs, then combining two 
pyrrolnuchl through a (‘arbon link into 
a single complex, and, furthermore, 
linking these complexes into such as con- 
tain the skeleton of the poi’phyrines 
consisting of a systeun of four ])yrrol- 
nuclei as it occurs in hemin Finally, 
he succee'ded in producing in the labora- 
tory hemin as it occurs in nature. 

Hans Fischer began his work in lOil 
with a study of bilirubine, the bile pig- 
ment, and its relationship to urobiline, 
the urine ])igment The work was be- 
gun at the* suggestion of Prof(»ssor Fried- 
rich Muller, the great clinician, whose 
assistant Fischer then was One could 
scarcely havi* predicted, at that time, 
that this modest beginning would lead 
to the elucidation of an extensive class 
of pigments occurring in all forms of 
life with a promise of further dis- 
co vmles. It must be emphasized that 
ingenuity of mind and virtuosity of 
techniipu* alone were not sufficient to 
accomplish the work of Fischer. It re- 
quired, in addition, the gift of leader- 
ship and organization. 


P. A. Levknk 
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MATHEMATICS AND SPECULATION 

By Professor E. T. BELL 

OAUrOSNIA INSTITVTB OF TECBNOUMY, PASADENA, OALIPOBNIA 


The rapid advancement of science 
is nowhere more strikingly apparent 
than in the numerous excellently con- 
trived accounts of current science pre- 
pared for the scientific layman by pro- 
fessional scientists and by those who 
believe they understand what scientists 
are talking about in their ingenious theo- 
riea A reasonably critical mind, con- 
templating these brilliant expositions of 
fact or fascinating speculation on the 
apparent state, purpose and destiny of 
man and the universe, may become 
slightly confused by the subtly conflict- 
ing testimony of so many witnesses to 
the truth, but this is only a minor blem- 
ish on an otherwise encouraging picture 
of progress and universal enlightenment. 
The downright skeptic, looking for a 
Ught in his darkness, who closes more 
than one of these books or articles with 
the ejaculation, “God help the layman!” 
may be forgiven, for that help and no 
other is precisely what some authors 
abandon their readers with in their con- 
cluding chapters. And the reasonably 
critical mind will neither affirm nor 
deny, but continue to seek answers to 
such of its questions as seem to make 
sense. 

Science has at last become articulate, 
not to say garrulous. Mathematics is 
not classed by some with the sciences, but 
this is of no importance here. What 
does matter is the fact that mathematics 


can not descend to untechnical language 
so readily as the sciences. Non-Euclid- 
can geometry, with all of its deep impli- 
cations for metaphysics no less than for 
physics, began to pass into the common 
stock of knowledge only with the popu- 
larity of Einstein’s general relativity, 
long after it had been a commonplace to 
the geometers. Modern algebra, even 
now, is only beginning to influence the 
speculations of physical science, and the 
theory of algebraic numbers and ideals, 
of no less philosophic interest than non- 
Euclidean geometry, is still all but un- 
known outside a narrow circle of arith- 
meticians. 

Through its scientific applications, 
mathematics has been heard to a slight 
extent, it is true, but only indirectly. 
The significant contribution which 
mathematics might make to the present 
wide-spread appreciation of science has 
not been made. The confident user of 
“mathematics as a tool” is but seldom, 
if ever, troubled by doubts concerning 
the F.harp implement in his hands, and 
few suspect that it can cut both ways. 
The more credulous seem to be unaware 
that mathematics is neither the hand- 
maiden of science nor the servant of 
theology, but queen of the sciences, 
whose subjects must learn to distinguish 
between credible proof and plausibility, 
or perish. 

Most reputable physicists, I presume. 
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would believe that they agree with Dirac 
that (his italics) only object of 

theoretical physics is to calculate results 
that can be compared with experiment/^ 
even when some of them proceed to ap- 
ply theoretical physics to speculations 
whose very nature precludes comparison 
with experiment. A similar remark ap- 
plies to any science speculating outside 
its own specialty. The speculations as a 
rule are of but slight interest to special- 
ists, and only the layman, who cares little 
for the dry technicalities of science, is 
taken in. 

We are all laymen and largely igno- 
ramuses outside our own narrow special- 
ties. In particular, the mathematician 
looking at physics is merely a layman, 
and the theoretical physicist using 
mathematics is in general a mathematical 
layman. When a scientist wants any- 
thing at all from a mathematician it is 
usually help with some unimportant 
technical difficulty, like solving differ- 
ential equations or evaluating definite 
integrals. Seldom if ever is a mathe- 
matician invited to examine the hypoth- 
eses which produced the equations or the 
integrals. If by chance he should catch 
a glimpse of the assumptions — often 
quite shocking to a cautious mind — be- 
neath the mathematics and offer any re- 
marks, he may be advised, in the words 
of a typical Cambridge tutor, to cut the 
cackle and come to the differential equa- 
tions. 

Now, the scientist’s caclde is precisely 
what interests the mathematician as a 
scientific layman, for the differential 
equations are either too easy or com- 
pletely beyond his powers — usually the 
latter if the scientist himself can’t 
handle them. And tlie complete layman, 
who is neither mathematician nor scien- 
tist, cares nothing for differential equa- 
tions, never having seen one in the flesh. 
Mach’s “Principles of Mechanics,” with 
its few unobtrusive equations that can 
be skipped without losing a step, if one 
is reading chiefly for entertainment, is a 


much chattier and humancr book than 
Lamb’s “Higher Mechanics,” in which 
there is hardly an audible cackle from 
preface to finis. Which will the complete 
layman prefer 1 Each book fills its 
proper niche in a liberal education in 
mechanics. But a moderately clear un- 
derstanding of one — I need not say 
winch — is unlikely without a thorough 
mastery of the other or its equivalent. A 
less old-fashioned instance is offered by 
Eddington’s two books on relativity, al- 
ready classic so far as English-speaking 
peoples are concerned, “Space, Time and 
(Gravitation, ” and tlie “Mathematical 
Theory of Relativity.” Here, however, 
the division is less sharp, as certain pas- 
sages in the two books seem to have 
skipped from one book to the other in 
their shuffle through space time. 

Only when the mathematical layman 
and the scientific layman meet on the 
common grounds of speculation or hy- 
pothesis, does either believe in his heart 
that he can show the other anything with 
which he is not utterly incompetent to 
deal. On these debatable grounds the 
last Avord belongs as a rule to the most 
vociferous and the most credulous, and 
the interested bystander, who is neither 
a mathematician nor a scientist, goes 
away convinced that he has heard at 
least an echo of the eternal truth, 
whereas he has only been richly mud- 
dled by a loud noise. What the respec- 
tive professionals suspect of being mere 
hypothesis, rank conjecture or baseless 
aspiration, although occasionally one is 
simple enough to deceive himself and 
gloss his suspicions for the benefit of the 
complete layman, passes for established 
fact in the uncritical mind which hun- 
gers to be convinced of something, no 
matter what. 

I do not mean for a moment to imply 
that scientists are more addicted than 
mathematicians to speculation. Passage 
for passage, the wildest speculations of 
the scientists outside their o^vn field can 
be matched by the like from mathema- 
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ticians who have endeavored to tell 
mathematical laymen what mathematics 
is and what it is all about. Less than six 
months ago I came across, in a serious 
current mathematical publication, spon- 
sored by a reputable mathematical asso- 
ciation, this remarkable utterance, 
‘‘Mathematics is the handmaiden of The- 
ology/' To some mathematicians at 
least such pronouncements are improper 
and distasteful. 

The effect of speculations on those 
rather shy of the meager facts beneath 
the alluring speculations is illustrated 
by the eighteenth-century story of the 
mathematician Euler and the philoso- 
pher Diderot. Most mathematicians 
doubtless know it; but as some may b(‘ 
unfamiliar with De Morgan ^s corollary 
(which he added only to the second v(t- 
sion in his “Budget of Paradoxes," 
1872, p. 474), I give it in abridged form. 

Diderot paid a visit to llussia at tho invita- 
tion of Cathenno the Second. At the time he 
was an atheist, or at least talked atheism: it 
would bo easy to prove him either one thing or 
the other from his writings. ... A plot was 
contrived. The scorner was informed that an 
eminent matheraatieiun had an algebraic proof 
of the existence of Cod, which ho would com- 
municate to tho whole Court, if agreeable 
Diderot gladly consented , . . (Euler) came to 
Diderot with tho gravest air, and in a tone of 
perfect conviction said, “Monsieur! (aH b")/ 
n = x; done Dieu oxiste; r^pondoz!” Diderot, 
to whom algebra was Hebrew . . . , was dis- 
concerted; while peals of laughter sounded on 
all sides. Next day he asked permission to 
return to France, which was granted. 

Now for De Morgan's corollary. “An 
algebraist would have turned the tables 
completely, by saying, ‘Monsieur! vous 
savez bien que votre raisonnement de- 
mande Ic dCveloppement de x suivant les 
puissances entifiros de n'." I imagine 
some mathematicians will sympathize 
with Diderot when confounded by new 
epistemologies, bizarre eschatologies and 
budding theologies hurled at their bare 
heads by the unscientiiic prophets of cur- 
rent scientific speculations. The worst 


of it is that even the wildest speculations 
may be right for all that any helpless 
mathematician knows. Perhaps the best 
answer to the more bewildering conclu- 
sions of the prophets is to adopt De Mor- 
gan’s suggestion, and demand that our 
tormentors express all their probabilities 
as cube roots of quaternions, in order to 
avoid the pitfalls of tho excluded middle 
and so attain the necessary pitch of mod- 
ern mathematical rigor.^ 

2. The signal contribution which 
mathematics might make to the ever- 
widening dissemination of scientific ideas 
is a sharpening of the critical faculties 
and a deepening of intuitive insight. 
This could be accomplished, at least in 
part, by making accessible to those who 
are not professional mathematicians the 
profound disturbances of this genera- 
tion and the one just past which have 
shaken to its very foundations the en- 
tire vast fabric of modern mathematics. 
The fundamental concepts involved, and 

1 By a singularly beautiful freak of irony 
this outrageous demand was not mot, but was 
surpassed and then met a week after it was 
written. Proca {Journal de Phy'tique et le 
Madium, (7), 1, No. 7, July, 1930, p. 247) in- 
terprets the psi function in Dirac’s equation as 
a qvadrt quaternion, whose 16 components are 
hypcrcomplcx probabilities in his (3 + 3+1)- 
dimensional spacc-timo-mattor world. These 
“quaternions of quaternions” (a Clifford 
linear associative algebra in 16 units with a 
modulus) are quantum probabilities. The au- 
thor coinmeuds to mathernuticiuns tho problems 
thus created by his concept of hypercomplrx 
prohnhiUtics Jt is to bo hopod that no mys 
tic from his dimensionless world interprets 
this as a challenge from our (3 + 1 + 1 + 1) - 
dimensioral world of spaeo-tiino-inattor-sense ; 
(as a ' - d tho nc.v quantum probability uni- 
verse seems to lack a dimension). For if, as 
some eminent scientists have recently informed 
laymen, the luirent non-imaginary probability 
interpretation of quantum mechanics reveals a 
Supreme Being, how many such Boings are 
revealed by quantum mechanics as a sixteen- 
fold imaginary system of probabilities^ Does 
not Proca ’s perfectly good and extremely in- 
teresting exorcise in formal algebra reduce all 
such speculations to the level of Euler’s refu- 
tation of Diderot, that is, to unseemly jests f 
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the language in which they are de- 
scribed, should present but few diflScul- 
ties to a generation which lias learned 
the patter of relativity and the meta- 
phors of quantum mechanics. Indeed, 
in the whole discussion there is nothing 
so knotty as a curved space time, and 
little so slippery as the quantum hy- 
pothesis of uncertainty or indeter- 
minacy, both of wliich are profoundly 
modifying thought outside their own 
scientific domains. The disputed points 
in the foundations of mathematics are 
in fact far simpler in appearance, and 
no less deceptively easy of apprehen- 
sion, than most of the basic abstractions 
from which current physical speculation 
proceeds. 

To this program one type of scientist 
will raise immediate objection. It is an 
old, old objection. Science is not mathe- 
matics. Most mathematicians are now 
aware of the fact. And they know also 
that mathematicians are often taxed 
with demanding proof in the strictest 
mathematical sense where it is absurd 
to demand such proof. They are also 
accused of haggling over straws wlien 
the haystack is on fire, and splitting 
hairs to splice a cable when the bridge 
is about to bo washed out. 

The classical instance is that of La- 
place, who also had some claims in his 
day to be counted among the scientists 
Napoleon Botiaparte, that eminently 
practical man, declared that this great 
mathematician failed as an adminis- 
trator because he sought subtleties 
everywhere, and carried into politics the 
spirit of the infinitesimal calculus. This 
remarkable verdict was inspired in part 
by Napoleon’s desire to oust Laplace in 
order to provide a profitable job for a 
nephew, who carried no sort of esprit 
into politics or anything else. Its in- 
justice is evident from the most cursory 
inspection of Laplace’s career. As a 
mathematician he did mathematics; as a 
politician he did polities, and did it in 


a style suited to his patron and his 
times. The mathematician Cauchy also 
showed himself to be a practical poli- 
tician of no mean proportions. And 
several mathematicians have been phi- 
losophers, or even scientists, of parts. 

AVhatever truth there may be in the 
general charge scarcely concerns us 
here, for the matters in dispute are 
simple, common to all consistent think- 
ing and not obscured by any doubts as 
to the desired object. If it were ever 
true that to a pure mathematician all 
things are pure mathematics, it is no 
longer so. With the discovery of the 
past thirty years that mathematics is 
loss pure than some mathematicians 
thought it, being contaminated by psy- 
chology, m(‘taphysics and all sorts of 
other enticing impurities which some 
j)urists would like to boil off, the bigoted 
search for purity where it does not ex- 
ist has ceased. It is precisely because 
many mathematicians liave come to real- 
ize that nothing is so uncertain as seem- 
ing certainty, unless it be apparent 
uncertainty, that some of them hesitate 
to accept as worthy of serious human 
consideration the speculative conclu- 
sions of science outside of its own in- 
human province. 

On the debatable ground we are all 
laymen, pure and simple, and if the ex- 
perience of mathematics means any- 
thing for science the conclusion of the 
whole matter is to be cautious — ^more 
cautious than any speculative presenta- 
tion of current science would have us be. 
With the speculators in this connection 
may be classed those specialists who, in 
serious treatises, proceed to epistemolog- 
ical conclusions in apparent disregard 
of everything that has been done in the 
past thirty years in the foundations of 
logic and mathematics, and who seem 
to believe that every one understands 
what probability means when applied to 
the actual world. 

3. When a scientist tries to jar a 
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mathematician by boasting? that he uses 
one theory on the even-numbered da3"s 
of the week and an apparently contra- 
dictory one for the same phenomena on 
the odd days, he is disappointed when 
he fails. Frequently the scientist con- 
fesses a desire to reconcile his theories, 
and sometimes he succeeds brilliantlj’', 
as for instance with his waves and cor- 
puscles. For tw’enty years or more 
mathematicians have been beatinj^ this 
poor showing of tlie scientists. It is a 
hopelessly antiquated matln'inatician 
who can not dispute the consistency of 
his fundamental assumptiojis while 
using the anal^^sis deduced from them to 
establish theorems Avhich one eompart- 
ment of his mind b(‘lieves to be true, 
while the adjacent compartment be- 
lieves them to be not false but ni^'stical 
nonsense. The last is merely llu* rather 
brutal characterization which soim* 
doubters, not content witli half-way 
compromises, assign to ideal theorems 
in the technical sense of the thorough- 
going formalists. 

Mathematical speculation, it would 
seem, can m(»et scientific speculation on 
terms a little bc^tter than ecpial. Unfor- 
tunately the tw'o have not yet met in 
public, and scarcely at all in private. 
When they do meet, if ever, we may 
look for the most clarifying session in 
the history of human thought. And, if 
a prediction may be ventured, both par- 
ticipants in that shattering debate and 
all those fortunate enough to hear it 
will rise with considerably fewer convic- 
tions than encumbered them when they 
sat down. This, however, need not be 
taken seriously by any who cherish their 
present prejudices, for an example will 
be given later to illustrate the utter 
folly of most predictions concerning the 
futures of mathematics and logic. 

Let us imagine for a momept that 
mathematical speculation and its 
younger scientific sister do meet to dis- 
cuss their perplexities, and that they 


retain sufficient poise to conceal their 
mutual disrespect. What, if anything, 
may either hope to learn from the other? 
From a dispassionate examination of 
her younger sister’s effects, mathematics 
may conclude that unlimited publicity 
is not such a bad investment after all, 
and that a touch of humanity of the 
proper color now and then improves the 
general appearance and adds to the joy 
of living. The younger, impressed by 
the calm assurance of the other, after a 
life of disillusionments, may for(‘sec her 
own future, and silently agree that no 
br(*ad is better than half a loaf Avlien 
the whole is moldy and ripe with 
weevils. In the meantime she will have 
h(‘r fling, and in the end attain the im- 
pt'rturable serenity of Ikt older sister, 
secure against all assaults of doubt, for 
she will have outgrown her adolescent 
ambition to rule society and the uni- 
verse. 

The above sketch may be unduly op- 
timist ie. There is little evidence to 
show that one clan can profit by the 
mistakes of its neighbors. Each goes 
its own way and learns, if at all, by ex- 
perienee. It may be useless to point 
out that mathematical speculation 
found it s(*lf-destructive to road into the 
conclusions of mathematics more than 
Avas given unequivocally by the strictest 
techniques of mathematics alone, sub- 
ject to incessant examination and mer- 
ciless criticism to detect concealed as- 
sumptions and flagrant contradictions. 
It may be a Avaste of time to recall that 
the siTrq)lost and most obAuous of nil the 
seieiict , has not yet agreed Avith itself 
as to Avhat is provable, what not prov- 
able, what Is sense, v/hat nonsense, and 
Avhat the provinces of meaning and in- 
ference are for the most rudimentary 
abstractions of which the reasoning 
mind has thus far shown itself capable. 
Unbridled speculation may not be 
checked by the history of any of the in- 
tellectual disasters to Avhich it has led. 
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But surely the average intelligent 
human being will be moved to a little 
healthy hesitation in accepting the more 
preposterous inferences drawn by en- 
thusiastic prophets of current scientific 
speculation when he suspects that even 
mathematics can not deduce sense from 
ill-understood concepts or from insuffi- 
cient hypotheses. He may even begin 
to suspect that not every lame duck he 
sees is a swan. 

Not even the most critical onlooker 
would presume to object to any purely 
scientific hypothesis or speculation 
which science may find convenient for 
scientific purposes. It is only when 
speculative solutions for age-old human 
or philosophical problems, which may 
not even have been properly put for all 
that any one knows, are confidently 
advanced in the name of science as 
worthy of human consideration that 
protest becomes relevant. Scientists 
themselves have objected in the past to 
unwarranted appropriations of their 
workaday stock in trade, and if they do 
not object now it may be because they 
luive grown indifferent. Some who are 
merely scientific laymen feel, however, 
that the broadcasting of speculation has 
gone too far to be wisely ignored. 

4. Anatomizing defunct speculations 
may not be a very clean pursuit, but it 
can occasionally indicate that some of 
the living are less healthy than they 
might be and show what is likely to kill 
them. Unless he were told the year in 
which the following alleged demonstra- 
tion was put forth in a serious book 
which had a tremendous sale, an unsus- 
pecting mathematician might well swal- 
low it whole for a brilliant speculation 
fathered by current science. The oc- 
currence of two ethers in the theory 
need not perturb a modern reader. 
Some physicists still find it convenient 
to speak in terms of an ether even when 
discussing relativity, and they do so 
with full knowledge and perfect pro- 


priety. So let the innocent mathemati- 
cian, who is only a layman in specula- 
tions outside his own, plunge into this 
with complete confidence that he is in 
reputable company. 

Matter is made up of molecules (sise A), 
which are vortex-rings composed of luminifer- 
ous ether. The luminiferous ether itself is 
made up of much smaller moloculoe (size B), 
which are vortex rings in a second or sub- 
other. CaU those smaller molecules and the 
sub-ether m which they are embedded the Un- 
seen Universe. The human soul exists in the 
Unseen Universe. It is made of the smaller 
molecules (size B). In life it |)ermeate8 the 
body like a subtile gas. The thoughts we 
think in lifo are accompanied by vibratory 
motions of the molecules (size A) of the 
brain. These motions undulate through the 
nmtcnal universe. But, by the conservation of 
energy, part of these motions will be absorbed 
by the molecules (size B) of the souL There- 
fore the soul has memory. On the dissolution 
of the body the soul with its memory intact 
becomes a free agent in the sub-ether. The 
physical possibility of the immortality of the 
boui is thus demonstrated. 

It sounds like sense, but is itt 

Unseen Universe was not writ- 
ten by Euler in the eighteenth century. 
Nor was it intended as a satire for 
matheinatieians and other scientific lay- 
men. If I have done an injustice in the 
above rough, secondhand paraphrase — 
it is not too rough — to the distin- 
guished scientists who made the Un- 
seen Universe^’ a best seller, I apologize 
to their sub-molecular molecules wher- 
ever they may be in their sub-ethereal 
ether. Turning to the title page wc see 
the names of the distinguished British 
physicists, Tait and Stewart (the book 
was first published anonymously ) . It 
seems incredible that the same Tait 
could have collaborated with Lord Kel- 
vin in the great “Treatise on Natural 
Philosophy,’’ but possibly the influence 
of Kelvin (who was a devout Christian 
and who hated unwarranted speculation 
as violently as he once hated quater- 
nions) kept the sub-ether out of the 
treatise. And it is little short of a 
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miracle that some practical joker has 
not gone Euler one better by erasing 
the date, 1875, and offering the all but 
forgotten classic to some book of the 
month club. It sold by the ton lot 
once; why not again? So far as mathe- 
maticians and reasonable human beings 
were concerned, the ‘‘Unseen Universe” 
was smashed flat by the mathematician 
Clifford. His essay on the subject still 
makes amusing reading, particularly 
for his own shrewd speculation which 
foreshadowed an essential part of gen- 
eral relativity. 

5, To some readers of Eddington’s 
“Nature of the Phj^sical World” 
(1928), one of the best things in it is a 
sentence on the last page. “The re- 
ligious reader may well be content that 
I have not offered him a God revealed 
by the quantum theory, and therefore 
liable to be swept away in the next 
scientific revolution.”- The irreligious 
reader may perhaps regret the omission. 
And the mere mathematician, always in 
his humble status of scientific layman, 
will accept without question the dictum 
that “In a world of aether and elec- 
trons we might perhaps encounter non- 
sense; wc could not encounter damned 
nonsense.”^ For to at least some mathe- 
maticians certain exlra-scicntific specu- 
lations foisted onto the science oC 1930 
seem to come perilously near to the 
second kind of nonsense and to be no 
better than the “Unseen Universe” of 
1875. 

It is all to the greater glory of mathe- 
matics to admit that wo arc not living 
in a world of “aether and electrons,” 
but rather in a gorgeous muddle of 
tensors, wave-equations, q-numbers, Hil- 
bert space and Hermitian matrices. 
Mathematicians as professionals arc 
familiar enough with these things to 

2 A. R. Eddington, “Tho Nature of the Phys- 
ical World. ' * By permission of The Macmillan 
Company, New York, publishers. 


regard them with indifference; what in- 
terests the mathematician as a scientific 
layman is the question of what all these 
notations mean in reference to the 
actual world. 

The answer that they are meant to 
mean nothing has been given. If that 
is all there is to it, many of us will be 
content. But is it the whole story? I 
think not, and I base my opinion on 
certain of the questions wliich sci(*ritific 
speeulation propounds and talks about 
in books which are unmistakably serious 
and which make very heavy reading. 
Incidentally, one of the amazing things 
wliicli impresses seasoned mathtmati- 
cians trying to follow afar the recent 
developments of theoretical physics is 
the facile skill with which young men 
scarcely out of their teens handle the 
tricks of the mathematical game like 
masters. It makes Abel and Galois 
more real to us, and we can believe that 
such men actually lived a century ago. 

After following as best one can some 
of th<* more speculative parts of the new 
theories, one need not stretch the imagi- 
nation to frame the sort of question the 
candidate for a lay degree in modern 
theories may be expected to answer in 
1931 unless something jiretty drastic 
happens to our understanding of the 
famous uncertainty principle between 
now and then. Here is a specimen, 
fraiikensteincd from a vivisection of the 
sole survivors from the destruction of 
the “Unseen Universe.” 

El uni the Hpinning clo<*tron, Ileisoiiborg 's 
uiiccrl'Miity prjrieiplo and the jnost recent at* 
ton . vjth wliith }()u are familiar to quantize 
relativity and relativizo quanta, deduce coii- 
Rciousncss, the freedom of the will and the 
existence of nonRcnso and hence show that an 
introverted inystiriRni is not incompatible with 
the good life, however A\ell deiined and hovever 
badly lived. 

To this inhuman question the humane 
examiner may add a footnote, ri*ealling 
what the uncertainty principle is (or 
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was in 1928). The following simple 
description for laymen is due to Profes- 
sor Eddington.* 

Suppose that (ideally) an electron is ob- 
served under a powerful microscope in order 
to determine its position with great accuracy. 
For it to be seen at all it must bo illuminated 
and scatter light to reach the eye. The least 
it can scatter is one quantum. In scattering 
this it receives from the light a kick of unpre- 
dictable amount; we can only state the respec- 
tive probabilities of kicks of different amounts. 
... if the kick is small the probable error will 
be small. 

The short mathematical statement 
may be found in any one of numerous 
recent treatises. It need not concern 
us here. Like the foregoing, all involve 
the notion of probability or of a statis- 
tical measure in the mathematical senses 
as commonly applied by orthodox scien- 
tists. This point is the only one of in- 
terest to critical mathematicians. 

Those who find difficulty in visualiz- 
ing the probabilities of quantum 
mechanics may be helped by the ingeni- 
ous interpretation of Schrodingcr’s psi 
function as an imaginary probability.* 
It really is quite simple; starting from 
Borcl’s concept of probability as a cer- 
tain real arithmetic in the interval 0 to 
1, the mathematician may proceed to 
resolve any number in the interval into 
a pair of conjugate complex numbers. 
Schrodinger’s psi multiplied by its con- 
jugate is usually interpreted as a prob- 
ability. Hence Schrodinger’s wave 
C(iuation describes the distribution in 
real space and time of imaginary prob- 
abilities. The possibilities thus intro- 
duced for hyperscientific epistemology 
are unlimited. 

Now, no scientific layman has a right 
to object to any inductions from the 
uncertainty principle within its own 
domain. But what are mathematicians 

8 A. 8. Eddington, ‘‘The Nature of the Phys- 
ical World. * ’ By permission of The Macmillan 
Company, New York, publishers. 

^Proca, * ‘ Mathematica, ^ ^ 1, p. 22, 1929. 


and other mere laymen to think of the 
devastating generalizations inferred 
from the principle outside the region of 
physical science f For example, it is an 
interesting current speculation that 
strict causality is rendered meaningless 
and that all the philosophical implica- 
tions of determinism are abolished by 
the principle. But are they? Doubt- 
less many mathematicians as well as 
other laymen would be glad to see the 
last of all obscure speculations, materi- 
alistic or idealistic, deterministic or in- 
deterministic. They may be disap- 
pointed if they expect the uncertainty 
principle to do their housecleaning. 
For it all depends upon the meaning of 
one word, probability. On this point 
there seems to be considerable haziness, 
which is perhaps oven a more hopeless 
situation than a sharp division of 
opinion. 

My own belief, for what it may be 
worth, is that those extra-scientific in- 
ferences from the principle can not 
tarry *‘to be swept away in the next 
scientific revolution.^' 1 believe that 
they have already been swept away, as 
mere straws on the general flood, in the 
present mathematical revolution, which 
has been in full tide for a generation 
and is still going strong. They have 
therefore already attained that un- 
blessed state which Eddington calls 
‘‘damned nonsense." However, this is 
merely a personal opinion, liable to be 
swept away in the next mathematical 
revolution. 

6. That equally competent experts 
should disagree on the meaning of prob- 
ability seems a sufficient reason that the 
inexpert should suspend judgment on 
the wider speculations originating in 
the quantum uncertainty principle. 
There is of course no doubt as to the 
“meaning" of the formal definitions in 
the text-books on probability or least 
squares. For the most part they are so 
trivial that even beginners can apply 
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them with ease to problems on games of 
chance few of them have ever played. 

What is in dispute is the step from 
the purely mathematical definitions to 
their applications to the actual world. 
If one set of opinions regarding the 
meaning of probability should turn out 
to be right, then all the wishful aboli- 
tions of superfluous philosophies will be 
justified. Should the same set of 
opinions turn out to be wrong or inade- 
quate, the position will be one of stale- 
mate, and for all of any one^s desire to 
get rid of certain speculative systems of 
the past we shall still have them with us. 

Probability and what comes out of it 
beget innumerable instances of the kind 
of mathematical precision whicli exas- 
perates the confident user of ^^mathe- 
matics as a tooP^ into calling all mathe- 
maticians who are more than animated 
calculating machines vain quibblers. 
The dishonorable ^^mathematics is the 
handmaiden of science tradition also 
shows up here in all its shabby 
splendor. 

For example, any genial expert on 
thermodynamics will expound the mean- 
ing, not only of probability, but of its 
logarithm to any doubting or obtuse 
mathematician. The mysterious loga- 
rithm takes on the minatory semblance 
of a time arrow, and the mathematician 
hears the death rattle of the universe as 
it runs down like a rusty and worn-out 
alarm clock. The time arrow, carefully 
avoiding the circular points at infinity, 
is never perpendicular to itself ; the 
entropy increases monotonously to its 
proper maximum, and the frozen mathe- 
matician awakes in a very cold sweat 
indeed, to find himself flat on his back 
on the void floor of absolute zero. 
Awakening from his nightmare he is in- 
formed that, if not damned, he is lucky 
to be alive in this brightest and best of 
all possible universes in this best of all 
possible times. Muttering that this sin- 
gular conclusion is extremely improb- 


able (its ‘‘probability” is the limit of 
one divided by a number that tends to 
infinity), the mathematician departs to 
think over exactly what it was that the 
scientist did to him. But he is alone 
and without solace, for the handmaiden 
fled to drown herself in the kitchen sink 
when her employer began the pragmatic 
part of his demonstration. 

It ran as follows: “My hypothesis is 
true because it works. The hypothesis 
was P. Now P implies my proposition 

Q, as can be verified both mathemati- 
cally and experimentally. But Q is 
known to be true. Therefore P is true. 
Now again, P implies R, as can be shown 
mathematically and verified experi- 
mentally. Therefore, since P is true, so 
also is R.” 

To which the bewildered mathemati- 
cian might reply, “Why go to all that 
bother to ‘ prove' that R is true? 
Wouldn't it be simpler and much 
shorter to substitute a false proposition 
F for P at the beginning? Then you 
could get the whole alphabet at one 
clattering swoop instead of your single 

R, for a false proposition implies any 
proposition you like. It is no trick at 
all to square the circle by this method.” 

If this is a travesty of legitimate 
reasoning with probabilities in the strict 
and unromantic domain of statistical 
mechanics, what of the epistemological 
and humanistic parodies of the quan- 
tum uncertainty principle put forth by 
some of its more daring interpreters to 
impress imaginative laymen? Is either 
kind of travesty more far-fetched, non- 
sensical and absurd than the other? If 
you think so, consider Whitehead's 
query in a similar connection: “What 
is the sense of talking about a mechani- 
cal explanation when you do not know 
what you mean by mechanics?” Then, 
if you find sense where Whitehead seems 
to find none, and still think one travesty 
more sensible than another, you are the 
only layman living who will admit that 
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he understands the speculative, extra- 
physical applications of quantum me- 
chanics to their last h. 

7. Even a critical mathematician will 
grant that a theoretiker is within his 
rights when he imagines his swarms of 
particles distributed in any way he 
pleases in their neat pigeonholes in 
space of the proper number of dimen- 
sions. Mathematicians themselves have 
been doing similar tricks with variously 
colored balls and urns since the time of 
Fermat and Pascal. But it is only a 
very naive and unsophisticated mathe- 
matician who believes that his amusing 
game has yet been proved to mean any- 
thing essentially more profound than 
juggling with the proper fractions de- 
posited by a suspiciously prolific defini- 
tion. A cautious juggler would hesi- 
tate long before admitting that he knew 
— if he thought he did — what is meant 
by the phrases ‘‘random distribution,’’ 
“random sample” and “equally 
likely.” Without a clear understand- 
ing of what these elementary things 
mean in relation to inferences concern- 
ing the actual world, it is difficult to see 
how inductions from statistical theories 
can make any significant contribution to 
epistemology, or even to theoretical 
physics as distinguished from mere 
algebra and arithmetic. 

The newer theories have gone far be- 
yond the elementary notions of mathe- 
matical probability. The very ques- 
tions which it would be of supreme 
interest to answer appear to be presup- 
posed in a hopeless tangle of inexplicit 
postulates, ambiguities where precision 
is essential, and elementary mathemati- 
cal processes of the game of probability ; 
and the final outcome beyond the 
algebra and arithmetic appears as a 
vicious circularity so far as epistemol- 
ogy is concerned. 

To all this the confident scientific 
user of probability replies that the 
pragmatic test suffices ; the theory 


works. It predicts quantitative results 
that can be checked by experiment. 
This merely emphasizes the question. 
Why does the theory work? And why 
has the Gaussian or any other statistical 
law of error anything at all to do with 
the actual world t Some scientists 
would say that the questions are mean- 
ingless; others are bolder, and point to 
their epistemological conclusions as the 
answer, believing that they have not 
begged the question. Does not this sug- 
gest that such speculations are beyond 
the present range of science and not to 
its credit? In any event it is pretty 
certain that the pragmatic answer is not 
that which the layman, interested in 
such things, believes he is getting when 
presented with one in the name of 
science. And the step from purely 
scientific or mathematical applications 
of the ill-understood concepts of prob- 
ability to the profound and possibly 
meaningless riddles that have plagued 
human thought for centuries is so vast 
that more than the seven-leagued boots 
of science arc called for to take it. 

Any attempt at the present time to 
stride over the real difficulties of prob- 
ability to easy and impressive conquests 
outside its scientific territory are to 
some minds as repugnant and as im- 
proper a use of scientific method as was 
ever imagined. To such minds the 
epistemological and other extra-scien- 
tific speculations, originating in the 
quantum uncertainty principle, are on 
a par with Pascal’s Avager. If any 
modern interpreter of science to the 
layman has forgotten that infamous 
misuse of purely mathematical reason- 
ing by one of the founders of the theory 
of probability, let us briefly recall it. 

“As the value (say v) of eternal hap- 
piness must be infinite,” according to 
Pascal, “then, even if the probability 
(say p) of ensuring eternal happiness 
by a religious life be very small, the ex- 
pectation (which is p times v, and is the 
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usual basis for computing the price of 
lottery tickets) must still be great 
enough to make it worth while to be 
religious/' 

For nearly 300 years Pascal’s bet 
against the devil has stood as the un- 
challenged record of bad taste in specu- 
lation. It also is a fair sample of the 
ridiculous authority which mathematics 
was once wont to claim in regions where 
it knew nothing. Reputable mathemat- 
ics outgrew this sort of thing long ago. 
The scientific speculations of the popu- 
larizers still seem to be tempted by the 
abomination. 

All these doubts concerning the sig- 
nificance (if any) of probability as 
applied to the actual world may be re- 
moved tomorrow. The meaning of 
probability as something more than a 
byplay of the intricate mathematical 
game may be cleared up overnight. 
Even now some mathematicians would 
say that there are no doubts. To them 
the whole situation is clear, including 
the long controverted status of inverse 
probabilities. 

Some of us will recall the amused 
contempt with which the investigations 
of Keynes, in 1921, on probability were 
received by some hard-headed profes- 
sional mathematicians, expert in the 
theories of probability and statistics. 
Those investigations were a serious 
attempt to state some of the real diffi- 
culties competently and to break away 
from the algebraic trivialities which are 
sometimes mistaken for the theory of 
probability. That the effort was in 
part abortive was only to be expected 
from the nature of the problem, and the 
more recent work of Nicod bears out the 
critics to a certain extent, but not for 
the reasons they assigned. 

It can not be too strongly emphasized 
that these subtle questions considered 
by the logicians of mathematics are pre- 
cisely those which must be settled before 
epistemological or hazier speculations 


founded on probability as used in 
physics are more than a waste of time. 
The mere arithmetic and algebra of the 
situation are not in dispute and never 
have been since the infancy of the 
theory. Some mathematicians dismiss 
the difficulties with the epithet ‘‘meta- 
physics.” These overlook the discon- 
certing fact that much of classical 
ar.aly.sis has been forced into intimacy 
with what many orthodox mathemati- 
cians only thirty years ago would have 
branded as metaphysics, and pretty 
wild metaphysics at that. Kelvin’s 
compliment that “Mathematics is the 
only good metaphysics” seems to be 
coming true, but turned inside out, as it 
were, with a strong reverse English. 

Other experts, equally competent, 
profess to see difficulties in the very 
beginnings ot the theory of probability 
as great as those surrounding the no- 
torious axiom of choice. Problems in 
the foundations of mathematics, no 
more difficult in appearance than those 
connected with probability, have defied 
precise formulation, to say nothing of 
solution, for more than a generation, in 
spite of all the efforts of some of the 
ablest mathematicians and subtlest 
logicians the world has ever known, to 
compass them. What is the human 
value of speculations founded on quick- 
sand ? 

Probability, as Russell recently re- 
marked (1 quote from memory) is the 
most important notion before the scien- 
tific public to-day. Laplace in his day 
said the same. And nobody, Russell 
addid, has the slightest idea what it 
means. 

Many mathematicians will agree with 
that verdict. Many scientists, as I 
know at first hand, will see in it only 
the critical mathematician’s alleged 
propensity to quibble over the obvious 
judgments of common sense. The lay- 
man who looks at mathematics from the 
outside is free to take his choice. If he 
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is gifted with uncommon sense, he may- 
suspect that common sense is not the 
ultimate tribunal before which such 
questions must be tried. In the mean- 
time he may accept a Scotch verdict of 
‘^not proven/' and speculate to his 
soul's content and the creeping paraly- 
sis of his critical faculties, for no one 
on earth can prove that he is wrong. 

8. A common and engaging trait of 
the truly eminent scientist is his fre- 
quent confession of how little he knows. 
A critical mathematician trying humbly 
to understand the works of some of the 
greatest scientists is sometimes moved 
to an opposite estimate. They know 
altogether too much. 

Instead of the copybook aphorism 
often ascribed to Laplace as his last 
utterance, ‘‘Ce que nous connaissons cst 
pen de chose; ce que nous ignorons est 
immense," what he really did say is 
nearer the mark as some critical mathe- 
maticians think they see it, "L'homme 
no poursuit que dcs chimeres." It is 
almost as if the great scientist-mathe- 
matician had carefully rehearsed the 
first with the scientific part of his per- 
sonality, only to be tricked by the irre- 
pressible mathematician in him blurting 
out the truth at the most awkward 
moment of his life. lie never spoke 
again. 

If the scientist is modest, at least one 
school of mathematicians does not lack 
self-confidence. "In mathematics there 
is no ignoramibus," according to the 
leader of the formalists. From its con- 
text this seems to mean that all mathe- 
matical problems can be unambiguously 
stated and that solutions exist, but as I 
am not sure of the meaning I shall not 
press this interpretation. Possibly it 
conceals a definition of mathematics; 
"That of which we can assert that we 
shall not always be in the dark as to its 
meaning is mathematics." Having 
heard itself described as anything from 
art to symbolic logic, matliematics can 


survive any finite number of defini- 
tions. 

Whether the problems of mathematics 
have been well posed, and if so whether 
solutions exist in any sense on which 
mathematicians can agree, seem to be 
questions for the future to decide or 
ignore. Experience has taught most 
mathematicians that much that looks 
solid and satisfactory to one mathemati- 
cal generation stands a fair chance of 
dissolving into cobwebs under the 
steadier scrutiny of the next. 

This is a different thing from the 
honest humility of the scientist, who 
foresees a possible end of his purely 
scientific speculations in the beginnings 
of oth(»rs equally transitory. The bed- 
rock beneath his dreams, the average 
scientist seems to believe, will stand 
unshaken under the hurricanes that 
blow away his airy palaces. What is 
incredible to a thoroughly critical mind 
viewing the wreckage of successive 
mathematical systems is that any one 
should yet believe in the existence of 
the bedrock. 

Critical mathematicians have delved 
so deeply into the foundations of their 
rudimentary science without yet strik- 
ing anything that any significant frac- 
tion of them all agree is bedrock, that 
they may be excused for disbelieving 
that others with clumsier shovels and 
blunter drills have got much below the 
deceptive surface of appearances. Like 
the most sanguine scientist, many a 
mathematician believes implicitly that 
the bedrock is there if only he could get 
through the quicksands, but the belief is 
not shared by all. The very existence 
of a reasonable doubt would seem to be 
a suflScient reason for boasting, not that 
we know so little, but that we know 
nothing. 

In contrast to the modest assurance 
of the scientist, I believe (in spite of the 
formalists who, according to some criti- 
cal logicians, have misunderstood the 
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nature of the issue) that it is not too 
strong to say that, on the things which 
really matter to them, mathematicians 
are reduced to taking their choice from 
among the members of that hoary and 
unholy trinity, ignorance, dogmatism 
and crass belief. Knowledge in any 
sense of a reasonably common agree- 
ment on the fundamentals of mathemat- 
ics seems to be non-existent. Or, to put 
it another way, knowledge has become a 
function of belief; the more a mathe- 
matician believes (without proof) the 
more he thinks he knows. 

It would be possible to arrange the 
eminent mathematicians of the present 
time into a sort of spectrum. The 
infra-red had better be left undescribed. 
The red end is complete skepticism 
toward the validity of mathematical 
reasoning. It shades gradually to a 
cool and comfortable green of utter in- 
difference to everything but the merry 
antics of the problem-solvers, deepening 
into the beautiful blue of those who sus- 
pect that all is not as it should be with 
the green, but who believe that in the 
end they, and even the infra-red, will 
be purified into an ethereal violet. The 
violet is Cantor’s paradise, the only 
genuine mathematics since the Greeks, 
according to W. H. Young, from which, 
as Hilbert has roundly declared, no one 
shall ever chase any one else. Beyond 
the violet stretch the illimitable regions 
of the ultra-violet, comprising all those 
who believe that the red and the infra- 
red are the unnatural offspring of for- 
bidden quantum states, and that any 
who merely believe in the existence of 
the obscene progeny should be skinned 
alive and boiled in aqua regia. 

That the controversies between one 
end of the mathematical spectrum and 
the other are real enough is evident 
from the considerable heat experienced 
as one passes along it in the improper 
direction. If they have done nothing 
else, recent disputes have abolished the 


stupid, stuffed-shirt tradition that 
mathematics stands coldly aloof from all 
human animosities. This is a healthy 
symptom, for it shows that neither 
mathematics nor the average eminent 
mathematician is yet perfect, and there- 
fore that both are still alive. 

Some such arrangement of mathe- 
maticians of the past half-century, with 
quotations from their works, should do 
more to destroy a degrading taste for 
obscure and profitless speculation than 
a whole library of second-hand opin- 
ions. I believe it should be made, with 
a minimum of critical apparatus to 
clarify the technical terms, and dis- 
tributed at cost to all those who care to 
keep a balanced mind. There should be 
no injection of personal opinion on the 
part of the compiler as to who is wrong 
and who is right. The bald exhibition 
of the facts should sufBce to establish 
the one point of human significance, 
namely, that equally competent experts 
have disagreed and do now disagree on 
the simplest aspects of any reasoning 
which makes the slightest claim, implicit 
or explicit, to universality, generality, 
or cogency. There is but little question 
here of wide philosophical horizons. 
Many of the doubts concern such ele- 
mentary things as the meaning of twice 
two equals four. 

The last will doubtless raise a smile 
on the face of more than one scientist — 
should any happen to see it. Before 
passing to a few extremely simple exam- 
ples to illustrate our changed outlook 
on the scope and validity of mathemati- 
cal reasoning, I should like to state why 
I believe that some scientists are supe- 
rior to some mathematicians in their 
ability to see two facts where none has 
yet been ijroved to exist. I recently 
heard Bertrand Russell somewhat 
rashly confide to an audience of scien- 
tists that he felt less confident than 
they of some things because he had 
tried for ten years, and failed, to prove 
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that twice two is four. This was per- 
haps only a picturesque way of stating 
that the all-essential proof of the con- 
sistency of mathematics is not forth- 
coming from ‘‘Principia Mathematical’ 
— the defect which Hilbert and the for- 
malist school are endeavoring to supply 
with their theory of demonstration, if 
the intuitionists will let them. Any- 
way, Russell’s confession was received 
with a roar of laughter, and after the 
lecture several expressed the opinion 
that Russell’s is the example par excel- 
lence of a brilliant mind seduced by its 
own subtlety. It will take a sharper 
implement than Occam’s razor to shave 
these hairy logicians. 

9. All shades of skepticism and belief 
as to the existence and quality of 
mathematical truth are to be found in 
the current literature of or about 
mathematics. At one extreme is the 
view of one school of psychologists that 
the profoundest truths of mathematics 
are nothing more than complicated mo- 
tions of the human larynx, akin to the 
reflex swallowing of superfluous saliva. 
Midway is the innocent assertion of 
some mathematicians that mathematics 
is art. To me this is particularly exas- 
perating, as I once spent a vacation 
near Carmel. If nothing else, in view 
of the controversies between intuition- 
ists and formalists, the art theory of 
mathematics is so devilishly like the 
apparent truth as to be unkind. At the 
other extreme is the speculation that 
mathematics is true because of Platonic 
idealism. 

The last in one form or another has 
been orthodox mathematical dogma for 
centuries, and it still claims its eminent 
devotees by the dozen. Many of course 
find it as repugnant as the saliva theory 
of mathematical truth. Unfortunately, 
the only middle ground possible seems 
to be the singularly barren and uninvit- 
ing desert where mathematics as such is 


divorced from its meaning, if it has any, 
and all of the interesting questions 
which a mere human being would like 
to ask about mathematics or its mean- 
ing are pitched into the limbo of meta- 
mathematics, a region at present as 
nebulous as Tartarus. Who but a con- 
firmed juggler with symbols really cares 
anything about the hen track theory 
which reduces all mathematics to mean- 
ingless marks on dust or paper? 

The answer of course is that some of 
the most eminent mathematicians living 
do take precisely that view and, quite 
disconcertingly, do seem to care for it 
tremendously. Some of us would 
scarcely blame the mathematical layman 
for feeling unsympathetic to this par- 
ticular conclusion of one school of ex- 
perts, but no one apparently has yet 
succeeded in demolishing the theory or 
demonstrating its irrelevance. If one 
takes refuge with the intuitionists, he is 
likely to be baffled by his inability to 
understand what they are talking about. 
At least some competent mathemati- 
cians have so expressed themselves. 
Here again the verdict is ‘‘not proven.” 

What was called above the Platonic 
view of mathematics (merely for brev- 
ity; there may be no foundation for it 
in Plato’s philosophy) is seen in one of 
its extreme modern forms in the follow- 
ing quotation from a mathematical 
layman (Everett, 1870) : 

In the pure mathematics we contemplate 
absolute truths, which existed in the divine 
mind before the morning stars sang together, 
and which will continue to exist there when the 
last of their radiant host shall have fallen 
from heaven. They existed not merely in 
metaphysical ponaibility, but in the actual con- 
templation of the supremo reason. 

According to this theory, mathemati- 
cians do not invent mathematical theo- 
rems ; they dwover them. 

One of the great surprises of my life 
was to find that two of the most eminent 
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mathematicians of this or of any age 
believe the Platonic theory in its uncom- 
promising entirety. After such a 
shock as that I was ready to believe that 
all the undevout astronomers I know are 
madder than Nebuchadnezzar ever was. 
It is only fair to add the conclusion of 
the episode for the comfort of those who 
can not believe the Platonic theory. In 
a debate between the two mathemati- 
cians in question, in which the topic of 
discussion was the Platonic theory, the 
argument came to a sudden and disas- 
trous end when each, as if at a precon- 
certed signal, hurled at the other the 
epithet ^ ‘ theologian ! ’ ’ 

An interesting side-light on the re- 
spective leanings of those who believe 
the Platonic theory and of others to 
whom it is meaningless, appeared in a 
recent examination (with which I had 
nothing to do) given to about 300 stu- 
dents of science, mathematics and engi- 
neering. They were a.sked, ‘‘Were the 
theorems of elementary geometry which 
you studied in high school invented or 
were they discovered To a man the 
future scientists and engineers an- 
swered “invented,’’ The intending 
mathematicians unanimously voted 
“discovered.” Perhaps the correct an- 
swer Is that silly questions are unan- 
swerable. 

A more modern variant (1928) of the 
theory emerges from the writings of one 
of the many working mathematicians to 
whom formalism does not seem to prom- 
ise an escape from our serious mathe- 
matical difficulties. 

It concerns the as yet (1930) un- 
proved conjecture of the eighteenth- 
century mathematician Goldbach that 
every even number is the sum of two 
primes; thus, 8 = 3 + 5, 24 = 11 + 13, etc. 
More broadly, the doubt is about “real” 
propositions. 

I (Hardy) ask thorn, finally, whether there 
is anything in the proposition, as relevant to 
logic and as Wittgenstein seems to conceive it, 


which affords any justifloation for my belief 
ill ‘real’ propositions, my invincible feeling 
that, if Little wood and I both believe Gold- 
bach’s theorem, then there is something, and 
that the same something, in which we both 
behove, and that that same something will re- 
main the same something when each of us is 
dead and when succeeding generations of more 
skilful mathematicians have proved our belief 
to be right or wrong. I hoped to find support 
for such a view when I read . . . when I read 
further, both in the book itself (Wittgenstein’s 
“Tractatus Logico-Philosophicus”) and in 
what Husscll says about it, 1 concluded I had 
been deceived. ... So here I can find no sup- 
port for my belief, and if not here where am I 
likely to find it? Yet my last remark must be 
that I am still convinced that it is true. 

That is also the conviction of many 
working mathematicians. Anyhow, 
whether they believe in the theory of 
mathematical truth to which their belief 
in a particular “ideal theorem” com- 
mits them, or whether they boldly 
ignore any doubts which may ulti- 
mately nullify their conclusions, they 
keep on working. If the theory itself 
has not yet been made to work, it has 
the undeniable merit of making scores 
of productive mathematicians work who 
might otherwise give up in despair. 
Skepticism, however, is not necessarily 
a damper on creative work, whatever 
those who dislike it may imagine; wit- 
ness Kronecker. 

A yet simpler illustration from the 
same source is this: “If I can not admit 
that ‘there are infinitely many primes’ 
has no moaning, it is simply beeanse it 
seems evident to me what the meaning 
is.” Less than thirty years ago few 
rational human beings would have 
doubted that the assertion about primes 
has a clear, simple meaning. To-day, it 
is classed by some with apparently 
meaningless noises, like “2 implies that 
2 implies 2,” which is an example of 
what some call “ideal theorems.” 

When I remarked earlier that the 
philosophical implications of the theory 
of algebraic numbers had escaped gen- 
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eral notice (perhaps fortunately) I had 
ideal theorems in mind. Any one read- 
ing Hilbert’s paper of 19^ {Mathe- 
matisohe Annalen, vol. 95), and his 
earlier works on the postulational 
method in mathematics, will be inter- 
ested in tracing the evolution, uncon- 
scious perhaps, of his thought through 
the great report (1894) on the theory of 
algebraic numbers and ideals to the 
epoch-making treatise on the founda- 
tions of geometry (1899), down to the 
present theory of proof, whose aim is to 
establish the consistency of mathematics 
as mathematicians know the subject and 
as scientists blindly use it. 

And, while one is speculating, he may 
try to imagine what Hilbert’s theory 
would have been like had the report on 
algebraic numbers never been written. 
The analogies from ideals might have 
been replaced by more familiar ones, 
such as the use of ordinary complex 
numbers in the proof of real identities. 
But, at that, one imagines, the shades of 
Cauchy and Kronecker, the one with his 
algebraic keys, the other with his more 
easily apprehended modular systems, 
would rise to object and claim a hear- 
ing for their less mystical constructions. 
Ideal theorems, one imagines, would 
have a hard time evading the test of 
constructibility which Kronecker im- 
posed upon his mathematical creations. 
They can of course escape any such 
cramping prison by soaring to a higher 
type of mathematical truth. But if 
they take that way out of the world of 
sense they will need an ideal axiom of 
ideal reducibility to bring them back 
again, and such axioms seem to be 
under suspicion at present. 

A strict finitist might dismiss all 
ideal theorems as being beyond the 
province of mathematics. But, in dis- 
missing them, he would say goodbye 
forever to a great host of mathemati- 
cians whose works many still find inter- 
esting and profitable. 


Entirely elementary difficulties like 
those quoted bring out more sharply 
than others, perhaps greater and closer 
to the professional activities of mathe- 
maticians during the past seventy years, 
the quandry in which mathematics to- 
day finds itself. For this reason I have 
avoided allusions to current controver- 
sies about the infinite, the theory of 
assemblages, the use in modern mathe- 
matics of Aristotle’s law of the ex- 
cluded middle and the method of indi- 
rect proof, and existence theorems, all 
of which are being attacked with vary- 
ing degrees of ferocity by those who call 
themselves finitists and intuitiouists. 

I have tried merely to suggest to 
mathematical laymen that the present 
state and past experience of mathemat- 
ics would seem to counsel extreme cau- 
tion in accepting any speculation begot- 
ten by science on too willing mothers 
outside its traditional province. 

The incredible but true and rather 
humiliating aspect of the present dis- 
putes over the validity of mathematical 
reasoning is not that we are offered a 
choice between cold skepticism and emo- 
tional belief, but that such a choice 
respecting sober propositions of every- 
day classical mathematics, such as the 
scientist uses constantly and without 
question in his work, is not itself 
flagrant nonsense. The sane, middle 
road which some would wish to travel 
has not yet been proven to exist, and 
those who try to take it in the prevail- 
ing darkness may find themselves fall- 
ing down an abyss. 

10. After all this, is there any good 
reason why mathematicians shoidd feel 
discouraged f I believe not, and I shall 
try to justify my belief by two howlers 
which 1 came across recently. There 
are many more like these if any curios- 
ity seeker cares to hunt for them. 
Here is the first, and it beats anything 
that any pessimist can possibly imagine. 
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‘‘The golden age of mathematical 
literature is umloubtedly past.” 

This is significant only when it is 
dated. The year is 1813, and the 
prophet was the Kiiglisli mathematician 
Clmrles Babbage, of calculating engine 
fame, writing in the preface to the 
“Memoirs of tin* Analytical Society.”'^ 
In 1813, Itiemann was -13 years of 
age. Hermit e -9, (‘ay ley -8, Kummer 
-3, Sylvester 1, (Jalois 2, Weierstrass 2, 
Jacobi 9, Abel 11, Lobachevsky 20, 
while (Jauchy was living on borrowed 
time at the ripe age of 24, and the ven- 
erable (rauss w^as still ling<*ring on in 
his dotage at the extreme old age of 36. 
These dismal perspeetiv(‘s might be con- 
tinued far, but for the repose* of Mr 
Babbage’s soul we forb(*ar 

Wh(‘n Babbag(‘ wrote, then* was but 
little in tin* luxuriant literature of 
mathematical analysis that a student of 
Ab(4, (‘auehy and Weiersti’ass would 

■ Tli(* and tin* nu'iuoiis art* uiiHigned 

For tho infoimation tliat tlic piofacc is dno to 
I^abbage, I am indobtod Fiofossor R. C. 
Arfhibahi A cop^ iii tlic J}ro\Mi rnnersity 
Library lias the names ot* the authors uritten in. 


recognize as proof. By the time the 
intuit ion Lsts, finitists, formalists and 
others have settled their differences or 
agreed to differ ad injiyuium, there may 
be as little left (according to the ])essi- 
mists) in the rigor of Abel, ("auchy and 
W(‘ierstrass for our successors to admire 
as that great triumvirate left intact 
from their pred(*c(‘ssors for us to be- 
lieve. But hear Mr. ihibbagi; on this 
point, again speaking in 1813. 

The foundations of a vast cdifit'O (mathe- 
matics) have been laid; some of its apartments 
ha\c boon hnislied; others >et remain incom- 
plete, but the strength and solidity of the basis 
will justify the exjiectation of large additions 
to tlic siijiersti uetin e 

As Babbag(‘ can not be held respon- 
sible for not luiMiig heard of Kronecker, 
Brouwer, W(‘y] and Ililbi'rt, we may 
overlook Ids unfortunate slip about the 
basis, and, on the intiiitionist pririeiple 
tiuit tw*o wrongs are as likely as not to 
eaneel and l<*ave one right, predict that 
1930 in retrospect will appear as a 
worse year for ])roph(*cy than even 
1S13 
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When last s})riiijj: I was asked to 
agm* to frive tlie (libbs’ Loctun* on this 
oeeasion, F assented on tin* assunii)tion 
tliat before the time came for tin* leetnre 
to be delivered I slionld liave becni (‘ii- 
tirely relieved of my ex(*(*utiv(‘ r(\sponsi- 
bilities to the Social Science J((*s(‘areh 
Council and should have had oj)[)orfu- 
nity to pre])ar(» from a consid(»rabh‘ 
dossier of investi| 4 :ations in jiro^n'ss a 
seientilie pa])er somewhat fit to take its 
plac(* with the previous lectures pfiven in 
this series^ As it has turned out, I 
have not had in full the (‘xp(‘et(‘d relhd* 
and must appear Fiefore you with a V(‘r\ 
j^eneral talk of a ])orsonal and nmiinis- 
cent nature. I will not apologize*; it 
may widl bo that you ])refer that type 
of addn'ss from im*, and in viiwv of its 
type I must be exjiected to s[)eak with- 
out apolop:y a j^ood deal in the first j)<*r- 
son After all, one^s personal r(M*olh‘e- 
tions are his own; they may have little 
of truth in them, for immiorN is not in- 
fallible; to use a detached third-jierson 
style of composition may ^ive them in 
app('aran(*(» a ^r(»at(*r substance of ob- 
,j(*ctive fact than they really merit. 

To frive you some appreciation of the 
very inadeciuate backp:round with wdiich 

1 At. T.Piipiii/' Coordination,'’ Kobcit 

Troiidcrson, ‘‘Life liiHuraino as a Soeuil Ser- 
vice and as a Mntlieinntical Prolileiri," 11124 
Pull Arner. Math. Soo , ai, 227-2.12, 192.1, 
.Tames Piorpont, “Some ATodern Views of 
Space," 102.1; Jhul .T2, 22.1-25S, PJ2r) ; H. B 
Williams, “ Mathemiilics and tlio Biolojjieal 
Sciences," 1020; Ibul, .1.1, 27.1-201, 1027; E 
W. Brown, “Resonance in the Solar System," 
1027; Ihid, .14, 20.1-280, 1928; G. A. Tfardy, 
“An Introduction to the Tlieory of Numbers," 
1028; Ibid, .1.5, 778-818, 1020; Irvinjr Fisher, 
“An Application of Mathematics to the Social 
Sciences," 1029; Ibid, 30, 225-243, 1930. 


I at the early ajre of twenty eame into 
contact w’ltli d Willard (tibbs may I 
slate that my undergraduate w'ork was 
at Harvard and in matbematies, which 
meant pun* matbematies. In the spring? 
of 1899 Professor W. F. Osgood, with 
whom I had taken a number of courses 
and who was frood (‘nonpfh to take a real 
and much apinvciated interest in me, 
suL^jrestiHl that I f?o to Yale for my "rad- 
nate work. Some of you wdio liave a 
IvU()wledp:e of the ndative standin{^ in 
pure math(*matics of the departments at 
Harvard and Yal(‘ at that time may 
think th(‘ advjc(* (‘xtraordinary. It w'as, 
but it was extraordinarily j]^ood. As 
Professor Osjrood pointed out, I had 
been loiif? enonji^h at Harvard and had 
sjiecialized sufficient ly in matbematies 
to ^et the f?reater part of the best Har- 
vard bad to offer in point of view', and 
a change would be beruTieial to m(' 
He spoke of Pjeri)ont and of Percy 
Smith wliosi* intiTcsts were sorncwdiat 
different from liis owm and those of 
Pr()f(‘ssoi- Bucher ivith whom I had had 
more w'ork than W’ilh any other than 
Os^rood. Tt is my impression that 
neitlier Oscrood nor Bbelier mentioned 
Od)bs to me. But when B O. Peirce 
heard th it 1 had d(‘cidod to {?o to Yale 
he remaiked that down there T mijjfht 
come across (iibhs “whom some of us 
here think a rather able fellow\^^ Had 

2 TIuh Hurt of jjenorosity ih not unnsiml at 
Tlananl; taken with reasonably jjood provision 
for tra\ebnpf fellowships, it lias dopriv'ed the 
Harvard Graduate School of a goodly number 
of students of the best grade, much to tho ad- 
vantage of tho students and of science, and 
thus indirectly to the advantage of the univer- 
sity. 
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SAMUKL WILliAlJL) 

PASTOR OF Old South Chi kuh, Boston. Great, gkfat, great grandfather of Gibbs and 

VICE-PRESIDENT OF HARVARD COLLEGE. (HE WAS PRESIDENT IN FA( T Bl T VI( K-PRESIDENT IN 
NAME BFAAlSh HE REFUSED TO LIVE IN CAMBRIDGE AS WAS REgi IRH) BOTH THEN AND NOW OF 
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I kno^^n PoiiTo tlieii as W(‘ll as I came 
to know him lal(‘r I should have taken 
this remark as indieatitijTj a person of 
the hiji:hest quality under whom I must 
surely plan to study, but at the time I 
disregarded it entirely. 1 went to Yale 
to study with l*ierpont and Sinitli. 

IIow eame it that I studied with 
Gibbs? That was one of life’s minor 
tragedies When I got to Yah* in the 
autumn of 1899 and was laying out my 
year’s \vork ^^ith A W. IMiillips, dean 
of the graduate* school, it apjiea n‘d that 
tln*re v\ere only three cours(*s 1 consid- 
ered worth while, whereas four were 
ueed(*d for fnll-tiiiK* work Phillips 
suggest<*d that T add Gibbs’ vector 
analysis I protested that according to 
its dt‘scriptioii it was not materially elif- 
ferent from ([uate'rnious, of which I had 
had a full ,\ear under J. M. P(*irce, and 
should hardly count as a course* lor me 
The* logic was unanswerable, but tin* 
e*ircumstance‘s o\erbore it; T hael tei have* 
femr ce)urse*s anel the* ele\an W'emlel ceiunt 
V(*cte)r analysis eve*n theingh it was a senT 
e)f rewiew'; so I r(*gistere*el for it Avith a 
sne*aking suspienon that my geieiel maste*r 
OsgeKid liael made* a mistake in sending 
me from a matlie*inatie*ally first-rate in- 
stitiitiein te) a se*e‘onel-rate eine* It was 
erne of life’s niine)r tragedie^s, but teio 
late* te) l)e heljie'el 

Ye)u are de)ubtle*ss impatie»nt that 1 
shenild get along te) talking about Gibbs 
and anxious for me te) epiit telling of 
myself; but 1 am just as anxie)us that 
ye)u should realize Avhat sort of perse)n I 
was when 1 reached Yale* after be*ing 
graduated at the age e)f bare‘ly tAvemty 
at the heael e^f my class with )iighe*st 
final honors in matliematie*s 1 A\as e-er- 
tainly immature. 1 was not wise 
enough te) be confident that a neAV j)lace, 
new ce)ntacts, new" points of vif*w" have 
sure advantages Avhich e)ve‘rb(*ar many a 
technical disaeh^antage 1 was not wise 
enough to know that to take a snb,iect 
twie*e from difiVrent angles and thus 


bette»r master the wdiole might be far 
better in the building of a scientific life 
than to be forever going on to some new" 
subject, leaving everything both new’ 
and old Avith insufficient consolidation 
It is not reasonable for you to suppose 
that, during the brief period from Sep- 
temb(*r, 1899, Avhen I first saAV Gibbs, to 
June, 1902, Avdien I took leaA’c of him to 
go study in Paris, never to see him 
again, I should have matur(‘d very 
greatly If T could so have fail(*d in 
seeing the significance of the remark of 
B O. Peirce cited above, it is certain 
that 1 must haA"e let slip many things of 
importance and misinteri)r(*te(l or 
falsely remembered many others which 
occurred during the p(‘riod of thn‘c 
aea<lemic yc‘ars in Avhich I came in con- 
tact Avitli Gibbs Von and I alik(* arc 
on v(*ry insecure ground in heli(*ving 
anything 1 may recount here to-day. 

The course* on vi*ctor analysis A\as 
small , none of Gibbs’ cours(*s had more 
than a mere handful of studc'iits. four 
or SIX or possibly eight Tin* course Avas 
difficult for ev(*rybody in it but nn*, and 
was r*asy for me only because 1 had ])re- 
Aiously had (piatermons (avIucIi inci- 
dentally 1 had found diffi(*iilt and pi*r- 
plexing, though T Avas ainplv prejiared) 
The lectures folloAved tin* jiamphlet 
A\liieh the author had printed privately 
111 but had in*vcr iniblished. 

There Aven* no exercises assigned to the 
students to Avork--a trulA continental 
type of coiirsi* but <*nibarrassing to 
Americans aaIio are used (‘\en in gradu- 
ate w"ork to having the path made easy 
for them The in*xt year, thirty years 
ago this month. Professor Alorris. editor 
of the Yah* Bicent(*nmal S(*ries, asked 
me to prepare for that seri(‘s a text on 
vector analysis and told me that Gibbs 
had given his consent and that I should 
talk the matter over amIIi him The 
conf(‘rence Avas short. Gibbs remarked 
that he had prepared his pamphlet for 
the conveni(*nce of his students and for 
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distribution privutidv He suid that he 
^^Hs busy prepiiriu;^' a voluiue for the 
saiiH* Bieenliumial Series (his “Statis- 
tical Mechanics”) and would not ]iav<» 
liHK* to advise on th<» composition of the 
“Vector Analysis,” to read tin* manu- 
script or the proof, that I must be en- 
tirely responsilih* for tlie wdioh* work, 
that I was free to write whatever kind 
of book 1 ])leasi»d, to incorporate so 
much of his course or ]Himphlet as I 
w'ish(‘d and to add whatever I desired 
from othm* sources Soimwvliat seri- 
ously impressed with the maj^nitudi* and 
lonesomeness of the task I said 1 would 
do m\ best, to which lu* kindly rejiliisl 
that h(» had contidmici* that 1 would do 
very well, ami aft(*r the book had ap- 
jiean'd he was ji:ood enoujrh to remark 
that it was satisfactory That is about 
all the contact I had with him on the 
“Vector Analysis." 

One topic which lie treated at some 
len«^th, but which 1 chose to leave out 


of the book, W7is crystalloj^ra[)hy ; an- 
other was th(‘ th(‘ory of orbits. Tlie 
latter is adeijuatidy n*pr(*s(*nted in Ids 
collectinl works, but the former is no- 
wlH*rc a mattiu’ of ns'ord and 1 am sorry 
that I omitteil it, particularly as all my 
notes on all Oibbs' courses w(*r(‘ lost 
ov(*rboard b\ cari‘li*ss handlinji: on the 
part of the cnwv of the steamship on 
which I returned from Pans in PKKl, so 
that 1 liad th(*r(‘aft(»r no way of recon- 
stitutinij: from my noti*s spi'cial material 
from his courses not found in print. 
One of till* abh'st students Oibbs had 
had in th(‘ hiirndies was (1 P Stark- 
weather, a ])erson as s^st(‘matle as In* 
was able He has written out with 
«^reat (*are his notivs on Oibbs’ hotures. 
After his early d(*ath these notes were 
di'posited in the Yale Inbrary. It was 
eh left from a volume of these that I 
was able to put lo^^ether that part of 
(iibbs’ course on multiple algebra 
which 1 found it desirable to print in 
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file Transactions of tlio (Vninei'ticnit 
Aeatleiny in B)()7 as a procnirsor to 
soiiiP uses I wished to make of the 
method 111 (h^velopiiifT some f^eometrieal 
theonmis I think it safe to say that 
tlie treatment of crystallography, 
thonj^h neat and interostin^^ was not of 
any j^i'oat importance (‘xc(‘pt as illus- 
trating* Jiow the ni(*thods of vector 
analxsis could be made to <*on\(‘rt tin* 
j;:onioin(dric measnn's taken on crystals 
into the desin*d constants of the crystal 
At OIK* time uh(‘U Pierjiont w^as \ov- 
turinji: on elliptic functions with some 
r(‘fcrenc(* to tin* motion of the top, (Jibbs 
happi'iied to lie dev(*lo])in}** by vectorial 
m(*thods and discussing? tin* physical 
ineaninjr of the eiiuatioiis of motion of 
tin* top He turned to the class and 
with tin* pleasant smile w’hich oft(*n 
I lighted bis (M)unt(*nanc(* remarked that 
then* were tliose who tlioiijjrht the top 
chiefly int<*restin«»: as atfordinj? an (‘\er- 
else in the use of i*lli])tic functions, but 
that In* found tin* to}) a very int(*r<*stin‘»: 
jihysical object on its own a(*<*onnt Xo 
criticism of allot h(*r was implied in the 
r<*mark, nierelN an (*mphasis on his own 
point of vn*w which In* was (h*V(*lo}iinj» 
to his class Althonjih (Jiblis had 
j)nr(*l\ mat ln*matical int(*r(*sts as in his 
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vice-|)n*si(lential address on multiple 
al«»:(*bra to tlie Ann»rican Association for 
tin* Advancement of Science in ]S8tl, 
and in his course on the same subject, 
his real abidiii}? interests were in real 
physical thinfi:s and he rarely if ever 
d<*velo])ed Ids inatln*matical theories of 
physics further than was n(*c(*ssary to 
^et at the im|)ortant physical si«?niti- 
caiUM* of tin* jihenomena he was discuss- 
ing; his niatln*niatical methods were the 
siiiijilest which In* could devise and 
oft(‘n (*\t(*n(I(‘(l litth* beyond clos(* logi- 
cal analysis. That was one reason his 
courses wen* hard; technical dcxterit\ 
IS easier than thinking. R(*ad the ^a’<*at 
tln*rm(Hl,\ namic memoir if you desire 
\<*rificalion of tln*se statements 

Except in tin* classroom 1 saw^ very 
litth* of (libbs H»* Inul a way, tow'ard 
the end of tin* aft(*rnoon, of takinj? a 
stroll about the streets b(*twc(*n his 
study in the old Sloain* Laboratory and 
lus honn* a litth* (*xercis(* between w’ork 
and dinner and one mi^dit occasion- 
a]l\ come across him at that turn* 
Th(*n tln*r(* were the m(*etin}?s of the 
mathematical and tin* pliysical clubs on 
occasional eveninjrs with jiapers n*atl by 
the statf slinh*nts 1 do not r(*mem- 
lier that he ever r(*ad a |)a|)(*r on such 
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occasions, but lie was usually in atten- 
dance and ap])arently payinji: close 
attention; sonn*tirncs he would make 
very brief remarks after the speaker 
concluded and the penetration of those 
comments was notew’orthy On om* 
such occasion vNhen avc had been hearinjj: 
of the then quite new electron theory of 
the constitution of the atom Oibbs said 
that it must be fridtinj? nearly time for 
him to move on, tlial for many years he 
had been troubled over the problem of 
rcconcilinp: the number of degrees of 
freedom in the molecules with the value 
of the ratio of the sjieeific h(*ats at con- 
stant pressure and constant volume and 


that if we were to introduce all tin* mwv 
degr(»es of fr('(*dom implied by the elec- 
tron constitution he would be still more 
at a loss. This was, of course, befoia* 
the introduction of the (jnantum condi- 
tions 

lie could be seen at faculty meetings, 
quiet and attentivi* I do not n»call 
hearing him spi'ak but onct*, and tlien 
wutli few words miieh to the point 
Once 1 ran across liim in tin* library 
surrounded by b(K»ks on the theory of 
numbers' and reading a thesis on alge- 
braic numbers just jiresented for the 
doctorate. 1 remarked that I had not 
realized that he w'as familiar wdth the 
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tlK'ory of numbers lie re- 

plied lliat lie not, but that wifli the 
aid of some liooks lu* tlioii^^bt he mi^bt 
be able to eoiiie to a d(‘eisioii as to 
\\liether the thesis Avas worthy of ae- 
e(*j)taiie(» Oiiee I desired to eoiisuH 
some books whieh were not in tin* 
library but wbieh 1 had seen on the 
sh(»lves in his office during? a lecture. 1 
ventured to ask whether I mif?ht borrow 
them. lie was (mtirely willing As I 
picked the books off the shelves 1 
noticed that the pa^’es had not been cut 
and inquired whether 1 riiijrht cut them, 
to wliich he rcfilied: ‘‘(Vrtainly, if you 
think it worth while* Probably I looked 


abashed, for he added. “The author 
kindly s(*nds me all he writ(‘s; th(*n* is 
a f»:n»at (h*al of it; 1 soim*tiim*s f(‘<’l that 
a person who wril(*s so much must 
spr<*ad his message rather thin “ 

Then* may be some interest in a letter 
writt<*n by Oibbs to me just a month 
before* he dieel : 

Ne*w IIn\oii Mrh 28/03 
Dp.o Mi Wilson 

I llniik tlmt you Mill limo iie*\t }e:ir 
2 lirs Non Euclieionn Gi'OinotiN 
2 lirs Merlin 11 ien 

2 liiH Jiitroeluctioii to Mnth.Ph}H. 
e» lirs Fresliijian, 

oi somethiufj V(»r 3 " like tlint W'u Mill kiioM bet- 
tei n httio Inter. 
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J tliinl; lliJit tlio icasoiis wli }oii cxpipsscd 
so t*lo(iurntl> vV I niay add so discreetly to Di. 
Ji— , would to on abridj^einent. We can 

not take for j'lanted that an ahi idj'tMin nt wd 
not Intel f<‘ie with the salt* ot the lai|;ei book. 
'rhi‘ lai^er book is prettv lieuMl^ handicapped 
l»\ its pine, as it is iV; in coinjietition with a 
clie.iper edition loiild haidl> hold its own 
Moieo\ei, aii\thiii^ reipiires tine to be well 
done, & 1 think to wiite a short book takes as 
much time as a lonjjer one. 

1 did not mean to sax that Hamilton did not 
h.i\e the eipiation 

- '2Sq if I ( T(t ) ‘ n 

Jle doiihtless would leio^ni/e the (spmtion as 
(oriect, nun lia\e written it in just that 
form Oiil> I do not see how he conhl lune 
recoji^ni/ed tliat it is (1 don’t caie wlu*thei aou 
sav, idmitical with oi ) aiialojjfoiis to the Mam 
t’ayle} eipiation, because I sui»pose that he 
ne\er was aware that a ijiiateiiiion miji;ht be 
lejjarded as a matiix I suppose that that anus 
a discoM'i^ of the elder Peine, as stated by 
(’aAh'A III the (ha]»tei wh lie wioti* in Tap’s 
“ C^natei nioiis 

I am jjl.id th.it a on fiml that iiisti iictioii in 
America (ompaies not too unfa\oiabl\ Aiith 
that in Fiaiue lloAieAei, A\hat urn want to 
<lo IS to jjet the best yon can out of France, 
wh ceitaiiil,\ will be a I'reat addition to aiiv- 
thin^j wh \ou may here. T am a little snr 
prised that a on find the French Lecturers 
(funuf to pu cf s. 1 had supposed th.it that was 
.last AN hat they never did that the\ always 
gaAe. their lectures in good form. 

Yours truly 

.1. Willard Gibbs 


Let ni(» nit(‘rnii)t tlu*sc pcrsoiuil ri'iiii- 
nis(M*nccs to p:ive you a bit of Instory as 
it appears in the record (iibbs was 

born on February IL lie ])re- 

pared for eoll(*^e at tlie llo])kiiis (Jram- 
inar Sehool He was {graduated from 
Vale ill tli(‘ class of IHoS at 1lu‘ a«JC(‘ of 
ninet<‘en. In colh'^i* liis intiu'csts aj)- 
pear to liave bet'u Latin and mathe- 
matics, as lie took prizes in each in more 
than om* \(‘ar of lus course. He took 
the 15rist(*d Seliolarship of jI'IIo for the 
best examination in (Ireek, Latin and 
mathemalies. He won the Latin Ora- 
tion in botli junior and senior years 
He was awarded tlie Olark Seliolarship 
of $120 for tlie best examination in the 
studies of the collej^e eonrse w^hich was 
conferred subject to the eonditiori that 
the reeipieiit coiitimie as a jrradnate for 
one or two years pursning; non-prof(*s- 
sional studies He did so eontinne and, 
in IHtk’k grot ins Ph 1) degrna* with a 
thesis* “On the Form of the T(»eth of 
Wlnuds in Spur (Jearing: ” In tin* Yale 
eatalog;ni‘s, of I86.‘l 1)4 and 18G4— Go, lie 
IS listed as “Tutor in Latin’’; in that 
of IHGb-GG he a])pears as “Tutor in 
Natural Philosophy.” Afterwards he 
went abroad to study. In tlie catalogue 
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of 1871 72 ho r(*ai)p(*ars as “Profossor thoriiiodyiiaiiiios wore published, but 

of Mathematieal Pliysics” and so eon- there is no reference to his teachinj^ the 

tinues until his death. subject In 1881-82 he added to tiis 

Except for his periods as tutor lie list a course on vector analysis, liavinj? 

taufrht only ‘•graduate work, althouj>:}i aiipari'iitly not ^iven least sqnar(*s for 

l)articularl\ competent undergraduates soni(‘ ^\ears. The list coiitinm's wuth 

niiyht be admitted to his conrs(»s, especi- minor modifications throujjrh the cata- 

ally the vector analysis. It may interest loj^m^ of 1S8;V8(). For the year 188(>-87 
you to follow^ the subjiuds he tauji:!!! we find the tirst pretentious catalojxue. 
From 1872 to 1881 the topics announced much larjxer than the f)rec(‘din^^ on(*s, 

were capillarity, w'ave theory of lijrht w ith hettm* descriptions of the olTerums 

and sound, least s(|uan‘s, and p<itential Tin* list for (libbs is (1) V(*ctor analysis, 

tluMiry with applications to electricity (2) potmitial theory, (.‘1) mathematical 

and ma«>:n(‘tism It is not to be pre- tlusn-y of electricity and inaf?netism, (1) 

snim*d tliat he tauj'ht all thes«‘ subj(a*ls (‘lectromaji’mdic theory <>f li^ht, (o) the 

ui any one year, but tin* catalogues fail n [n Kin deduction of thermodynamic 
to stat(‘ .pist w’hich \w did teach It was princi[)les from the theory of prohabili- 
in this ])eriod that the p^reat ])apers on ti(‘s, and it so continiu's throu^ii the 
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THE HOUSE AT J21 HIGH STRE?:T BUILT BY (IIBBS^ FATHEII 

WHERE (iIHRS r.I\Kn WITH HIS SISTER AND HER HirSBAND, AdDISON Va\ NAM>, LIBRARIAN 
AT Vale (iimds’ room avas at the b.m'k ok thi* house. 


yoar oxcupt for I Ik* addition of 

a uonrso on the computation of orbits. 

It IS of more than passiiif^ interest 
that the classical therniodynamics repre- 
sented by Ids own contributions has not 
a])pean‘d for the fifte(*u years since his 
]Hiper was printed and that the first 
coursi* announced by him in this fi(»ld is 
apparently really his '^Statistical Me- 
chanics” on which nothin" was printed 
until 1001 In the years 1892-94 he 
ajiparently offered a combination of clas- 
sical lh(‘rmodynamics with statistical 
meclianics and only from 1894-9.5 on 
came to divide tin' work into a course 
on his j?reat uu'inoir with a supplemen- 
tary one on statistical mechanics. In the 
meantime he had added an option in 
advanced vector analysis and another in 
multiple aljrebra. Thus after tlie middle 


’luiK'ties Ik* may be consider(*d to have 
run the cycle: (1) vector analysis, (2) 
advanced vector analysi.s, (II) multiple 
al{>:ebra, (4) th(*rmodynamics and firop- 
erties of matter, (.5) statistical m(*chan- 
ics, (0) electroma"n(*tic theory of liji:ht, 
(7) potential theory and theory of elec- 
tricity Of these (1), (4), and (6) 
were generally two hour.s p(*r week 
throughout the year, while the others 
were one hour per week He seems to 
have taught about six hours p(‘r week, 
giving (1) yearly AAith (4) or (0) in 
alternate years, and adding on occasion 
one or tw'o of the other four on(‘-hour 
cour.ses. During the three years, 1899- 
1902, I was fortunate enough to take all 
these subjects, except that the statistical 
mechanics (5) was not given separately, 
but was represented as some ten lectures 
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i\t the (‘(nielusioii of his theriuodyiiamies 

( 4 ) . 

Fxi*(‘j)t for the vector analysis I, in 
<*0111111011 witli all Gibbs’ students of my 
time, ^^as ill prepared for his work. It 
was not infrequently the ease that a 
student repeated the work to become 
more familiar with it, and it certainly 
was my intention to repeat most of the 
(•ours(»s after my return from Paris 
The instruetion was not jioor, but the 
eoneentration of thinking of the in- 
structor was great. Once in a Avhile 
Gibbs would get lost in a demonstration 
He leeturod Avithout notes and Avhat 
specitic preparation he generally made 
f do not know. Tt was almost ahvays 
some A'cry simpl(» affair on A\hicb he 
would go astray rath(‘r than something 
n*condit«* Tlu* .\(*ar I took tlunaiio- 
<l>namics he could not make his Carnot 
(‘ugine run right There was a tradi- 
tion, perha[)s uinvarranted, that the 
(’ariiot (‘iigiiie Avas apt to trouble him 
Somclim(‘s he Avould unravel his diffi- 
(*ulty before* flu* end of the hour and it 
Avas tluMi an esjx'eial tn*at to sei* his 
mind ANork; sometimes the end of the 
hour ANould come soom*r and he would 
have to leave the matt(*r over until the 
next time when he AAould appear Avith a 
sheet of pap(»r eontaining the demon- 
.stratiori. 

I do not belief that Gibbs kept mueh 
in the Avay of notes. 1 imagine that ho 
AN rote the closely reasoned and highly 
math(*matical ‘‘Statistical Mechanics’^ 
out of his head (rather than from notes 
accumulat(*d during prcAUOUs years) be- 
tween the tiim* in the autumn of 1900 
AN hen he agreed to produce the book and 
the time in the summer of 1901 Avhen In* 
d(*li\Tred the manuscript. The reason 
for this belief lies in the feAvness and 
in the character of the jiapers he left 
Avhen he died there Avas practically no 
Narhlass. And yet he Avas knoAvn to be 
working on a program of publication. 
T know this because of the conversation 
I had Avith him in June, 19()‘2, Avhen I 


was leaving for Paris for a year’s study 
It was by far the longest conversation 
1 (‘ver had with him, and of course the 
last. He said that he did not Avish to 
determine my line of future interest but 
that he hop(‘d I Nvoiild (‘onsider taking 
some work in applied mathematics in 
Paris in addition to any I might take* 
ill xnire mathematics. He ventured the 
opinion that one good use to which any- 
body might ])ut a superior training in 
jnire matlnmuitics Avas to the study of 
the ])robleins set us by nature. IP* rc*- 
marked that in the thirty years of his 
[)rofes.sorshij) of mathematical physics 
he had had but a half-dozen students 
adequat(*ly prepared to follow his lec- 
tur(*s He did nn* the honor to inclmh* 
me in the list, though 1 myself m'ver 
felt that my preparation in physics had 
been ailecpiate I asked Avhy he had 
given exclusively such advanced cours(*s, 
ANhy he had not offered soim* more ele- 
immtary work to ]>repare his students 
He repli(*d that he had not felt calh*d 
upon to du so but that if 1 W(‘re Avilling 
he Avould be glad to ]\ii\o me look for- 
Avard to giving u|)on my r(‘turn a gen- 
(*ral introductory course on mathemati- 
cal ])hysics, and at any rate lx* Avould 
be Inqipy if I would bear the possibility 
ill mind while* abroad. He then Avent 
on to say that if I should choose to 
occupy my.scif somewhat seriously with 
matlM*matical phy.sies he had a consider- 
able number of probh*ms on Avhich lu* 
thought 1 could make progress and that 
he Avould b(* glad to talk about them on 
my r(‘turn Hoav much 1 have regrett(*d 
that he ilid not talk of them at the tirm*. 
but he gave no inkling of them 

Finally he procei*d(‘d to say something 
of his oNvn plans for the future. He 
remarked that if he could depend on 
living to be as old as Methuselah he 
Avould continue to study for several 
hundred years yet, but that as he could 
not except any such span of years he 
had deluded to set about preparing some 
matters for publication. There Avere 
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tlirco linos of activity he desired to pur- 
suo: (1) The revision and extension 
of his work on thermodynamics, to 
wliieli he said he had some additions 
to make covering more recently discov- 
ered experimental facts not yet ade- 
quately incorporated into the theory and 
other additions of theory apparently 


not yet exemplified in experiment. (2) 
A contribution to multiple algebra on 
which he said he had some ideas he 
thought worth while even though the 
subject appeared at the time not to be 
of much interest to mathematicians, 
most of whom were devoting their at- 
tention to analysis. (3) A revision of 
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his method of conipiitiHg orbits which liad bust first undertake, but Avithout 
should certainly be revised now that it Availing for reply answered that the as- 
had recently been printed verbatim by tronomurs Avere conservative and un- 
Buchholz in the third edition of Kim- likely to be appreciative of ini proA^ements 
kerfues’ “Astronomy^^ Avlien certain im- in his methods for orbits, that the mathe- 
portant improvements Avere only too ob- maticians Avere not impatient to learn of 
vious. He asked what I should think he his ideas in multiple algebra and that on 
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tlu‘ wliole lie felt it was more important 
to set about the work in thermodynamics 
to which he had made no published con- 
tribution of significance for about 
twenty-five years. 

Ten months later, in April, 1903, 
Gibbs died. There were found among 
his papers some chapter headings and 
the first beginnings of text on the revi- 
sion and extension of his thermodynamic 
\Nork. It was clear that what he in- 
tended to accomplisli he carried in his 
head and not on paper. W(* shall never 
know what he had in mind in any of the 
three lines of activity, lie waited and 
studied too long. This situation is 
primarily that on which I base my 
opinion that he wrote the '‘Statistical 
Mechanics’’ out of his head in something 
like nine months in addition to his 
rt‘gnlar teaching. The task was serious 
All through the winter and spring of 
1900- 01 he worked not only by dav- 
the light in his study in Sloane could be 
s(M*n burning at night. Th(‘ manuscript 
was finished in the summer at Intervale, 
Xew Hampshire. After Gibbs died, A. 
\V Phillips told me that it was this 
severe work that, killed him. He said 
that they liad gone together to the ex- 
press office to dispatch the copy to 
Soribner’.s, that up to that time Gibbs 
had been quite himself, but that from 
tlie time they turned away from the 
office he slumped, the elasticity was 
gom* from his gait, he was a worn-out 
old man, and never fully came back. 

This is a thrilling story, but sad. 
However, it may not be true. I com- 
municated it to my old friend Ralph 
Van Name, nephew of Willard Gibbs, 
who writes: “This may be true, but it 
was not apparent to his family,” and 
later : 

. . . my cominont on the incident of the deliv- 
ery of the manuscript of the * ‘ Statistical 
Mechanics’’ was not made in a spirit of criti- 
cism, but merely as a statement of my recollec- 
tion, and of that of my sister, whom I had 
consulted about it. Though both of us were in 


Europe at the time of Willard Gibbs’ death, I 
did not lca^(• New lla\en until Juno, 1902, and 
she not until March, 1903. It is unquestion- 
ably true that my uncle worked to the lim t of 
hi.s strength in trying to get the volume finished 
on time, and that he did not get over the effects 
for a good while But both of us have the im- 
pression that he seemed to be in practically 
normal health and spirits by the Autumn of 
1901. . . . My uncle’s final illness was a sud- 
den and acute attack of a nature which has no 
obvious connection with his overwork two years 
before — it was an intestinal obstruction which 
the doctors -VAerc unable to relieve. 

I may say that all through the academic 
year 1!H)1 2 Gibbs seemed to me to be 
in normal eondition, and in his con- 
versation of June, 1902, of which I have 
given so long an account seemed to be 
looking eheerfully and healthily ahead 
with real pleasure in the prosp(*et which 
he was outlining and with no discernible 
IVcling that it might not be finished — 
indeed he spoke as one surely counting 
on being active on my return fift(»en 
months later. 

If I have gone at such length into 
tins story I Iiave done so chiefly because 
it so well illustrates stories which come 
Avith the best intention of truth from 
persons near to Gibbs, with just as high 
desires to t(»ll the truth and nothing but 
the truth as 1 have on this oceasion, but 
Avhieh none the less can not be wholly 
cn^hted, cpiite as I do not wholly credit 
as fact my own statements. There is 
the story that at lioirn*, where he lived 
all his life with his sister, who had 
married liis frhnid and elassrnate, Addi- 
son Van Name, h(» always insisted on 
mixing the salad, on the ground that lie 
was a botl(‘r authority than the others 
on the equilibrium of heterogeneous sub- 
stances A very pretty conceit, and om* 
vouched for by a colleague much closer 
to Gibbs than I, but I daresay both the 
fact and the statement of reason for the 
fact would not be substantiated by the 
family. Another story refers to his 
letter to Nature in comment on and dis- 
proof of Lord Kelvin’s proposed experi- 
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ment to detennine' the velocity of longi- 
tadinal vaves in the ether. It is said 
that 'When a colle^pie told him that he 
had just seen the letter in print Gibbs 
blushed and said that he could not be- 
lieve the editor of Nature would print 
it. That illustrates his modest and re- 
tiring disposition^ which was a conspicu- 
ous trait, but seems hardly credible. 

One often hears lament at Yale and 
dsewhere that Gibbs’ colleagues did not 
capitalize his great discoveries in physi- 
cal chemistry by developing the sub- 
ject experimentally and intensively in 
New Haven from 1876 on. The com- 
ment often takes the turn of wondering 
how much greater rdle American science 
would have played in the growth of 
physical chemistry if Gibbs had accepted 
the offer to go to the Johns Hopkins 
University instead of remaining at Tale. 
How much difference would it have 
madet Perhaps very little. What 
efforts Gibbs made to develop physical 
chemistry at Yale I do not know; per- 
haps none. That he knew his thermo- 
dynamic work was important and knew 
so when he printed it I have no doubt; 
but I have noted above that he appeared 
not to have lectured upon it in his cycle 
of courses for about fifteen years after 
its completion, preferring for some rea- 
son to teach other subjects, — ^and the 
subject-matter of the memoir is not such 
as would be likely to diffuse around 
any university without exposition by the 
master unless by chance there were at 
hand some almost equally competent 
person who very much needed the work 
as a basis for his own, and knew that he 
needed it. Gibbs was not an advertiser 
for personal renown nor a propagandist 
for science; he was a scholar, scion of 
an old scholarly family, living before 
the days when research had been 
re'search. Probably he had faith that 
when the time was ripe for his thermo- 
dynamics, the doctrine would spread. 

Another beautiful legend is that 
Gibbs was not appreciated in this 


country or at Yale during his life. It 
is probably true that his name was not 
well known in the ordinary Yale alum- 
nus before the recent time when his 
photograph and some eulogy of him 
were widely circulated to the alumni 
during a drive for funds. But the 
efforts which were made to arrange for 
printing his long and costly paper in 
the Transactions of the Connecticut 
Academy in 1876-78 were a high testi- 
monial to the faith of his local contem- 
poraries in his work. He was elected to 
the National Academy at forty, the 
average age of election being fifty, and 
only the year after the appearance of 
the second half of the thermodynamic 
memoir. In 1881 he received the Bum- 
ford Medal from the American Academy 
of Arts and Sciences, which means that 
a group of his contemporaries in Boston 
appreciated promptly and highly his 
contributions in the field of heat. Of 
course he did not have the notice which 
Einstein receives to-day; he had no 
press agents and surely wanted none. 
There seems to be every evidence that 
he received the type of recognition to bo 
expected. 

Whether the establishment of the 
Gibbs Lectureship by the American 
Mathematical Society should be ranked 
as one of the honors to his memory or 
whether it belongs with the circularizing 
of his photograph to Yale alumni as an 
attempt to get something through ex- 
ploiting his name I will not venture an 
opinion. It is well known that this so- 
ciety through all of its life has been 
chiefly in control of those interested 
chiefly in research in pure mathematics. 
It is also well known that the group of 
American students who went to Germany 
to study mathematics in the late ’eighties 
and early ’nineties, at the very time when 
Klein was emphasizing the need in Ger- 
many of a greater attention to applied 
mathematics, came back to this country 
with a determination to promote only 
pure mathematics. This may have been 
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wise at the time. American mathema- 
ticians had been too exclusively inter- 
ested in the applications. We needed 
emphasis, perhaps temporarily over-em- 
phasis on pure theory and rigorous pro- 
cedures, on analysis as it had developed 
in Europe. The lengths to which this 
emphasis was carried may be illustrated 
by my telling a story which happened 
not so long ago. When E. W. Brown, a 
past president of this society, was at last 
naturalized as an American citizen and 
thus became eligible for election to our 
National Academy of Sciences, I asked 
one of the leaders in the section of mathe- 
matics of that academy and also a leader 
in this society whether the mathema- 
ticians would not nominate Brow’n to 
the academy. He replied in a breezy 
vernacular ‘‘Not till Hell freezes over’’ 
— Bro\^Ti was to him not a mathema- 
tician, but Brown was here in good com- 
pany with Gibbs, Q. W. Hill, 11. A. New- 
ton, Newcomb and others. Another story 
shows how non-mathematicians were im- 
pressed with the point of view. I once 
met at the Cosmos Club an eminent ex- 
pert in international relations who asked 
why I happened to be in* Washington. 
I replied, “To attend the meeting of 
the National Academy of Sciences.” 
“But,” said he, “you are a mathema- 
tician not a scientist,” and added, “oh, 
yes, I remember now that it is an acad- 
emy of the sciences and of mathematics.” 

The mathematician has a dilemma, a 
choice. In so far as he turns his atten- 
tion to the abstract theory of his sub- 
ject he is not a scientist dealing with 
observed fact but a philosopher playing 
with a priori hypotheses. It is only 
when he turns his attention to applied 
mathematics that he becomes a scientist. 
With the obvious need of specialization 
to-day, I would not limit the choice of 
the individual mathematician ; he should 
be free to follow his bent or the ex- 
igencies of the institution he serves. A 
great national mathematical society, 
however, should not limit its interests, 


it should cover the whole field of mathe- 
matics both pure and applied. In 
doing so it puts itself right on the pin- 
nacle of intellectual effort. There is no 
problem requiring more brains, sounder 
judgment, better total adjustment inter- 
nal and external, than that of uniting 
the logical and operational techniques of 
pure mathematics with the infinite 
variety of observable fact which Nature 
offers to our contemplation with a ring- 
ing challenge to our best abilities. It 
was in this field that Gibbs was supreme. 
He had studied with Weierstrass and 
was not unmindful of mathematical 
rigor; in the paper in which he pointed 
out that phenomenon of the convergence 
of Fourier Series, which has come to be 
known as the Gibbs phenomenon, he 
showed his appreciation of mathemati- 
cal precision as he did on other occa- 
sions. But fundamentally he was not 
interested in rigor for itself, he was in- 
spired by the greater problem of the 
union between reflective analytical 
thought and the world of fact. He did 
not feel that one should not study pure 
mathematics; he was not one-sided or 
dogmatic in any of his views. What he 
said was that one of the uses of a good 
mathematical background was in the 
study of the problems set us by nature. 
And if I had one special inference to 
draw from my contact with him to give 
you to-day it would be that the Ameri- 
can Mathematical Society should follow 
for its own good his judgment on that 
matter. There are indeed indications 
that times are somewhat changing and 
that in the future the mathematics in 
which you as a society are interested 
will be all mathematics, pure and ap- 
plied. When that time comes there 
will be no possibility of raising the 
query as to whether the Gibbs Lecture- 
ship may be only lip service to a great 
name, for it will be evident that the 
thought of this society is itself in no 
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small measure a constant testimonial to 
that great thinker, J. Willard Gibbs. 

You may be somewhat disappointed 
that I have no very striking personal 
reminiscences to recount, but what 
should you really expect in the way of 
impressions gained by an immature 
young fellow in the early twenties of a 
mature quiet scholar forty years his 
senior. Gibbs was not a freak, he had 
no striking ways, be was a kindly dig- 
nified gentleman. I came to his courses 
in the days prior to tutorial systems 


when students were not expected to take 
the time of their teachers outside the 
classroom for personal contact and when 
teachers did not feel a moral urge to 
guide their students otherwise than by 
instruction given in course. I am not 
sure but this was better for both student 
and teacher even if it has resulted in a 
less picturesque address to-day than the 
one which some now twenty-year old at 
the California Institute of Technology 
could give thirty years hence about 
Millikan. 
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Introduction 

There is substantial evidence favor- 
ing the belief that all living organisms 
have their parasites, from the lowest 
bacterium, with its bacteriophage, to the 
highest mammals, including man. 
These parasites are other organisms 
which for one reason or another have 
found it advantageous to lose their iden- 
tity as self -sufficient independent indi- 
viduals, and have become associated 
with a donor organism, called the host. 
In some instances this host-parasite 
association is a very temporary one, in 
which the parasite merely consumes the 
food which the host has rejected. Thus 
various tumble-beetles very industri- 
ously work over the dung of most mam- 
mals and from this dejecta obtain their 
food supply. However, in doing so, 
they commonly ingest the eggs or larvae 
of certain roundworm parasites of the 
mammals’ intestinal tract and them- 
selves come to serve as intermediate 
hosts of these roundworms. In other 
cases the parasite is a biting insect or a 
tick, which applies itself to the mam- 
mals’ skin, inserts its external mouth- 
parts and draws up a meal of blood. 
Among certain biting flics and their 
allies it is only the ‘‘deadly female” 
which is a blood feeder. The amount of 
blood consumed is very small compared 
with the total supply of the host, but in- 
convenience is frequently caused by the 
injury at the site of the bite. Not in- 
frequently the “saliva” of the insect, 
which is injected into the wound just 
before the blood is sucked up, is poison- 
ous to the host and causes local itching 
and at times a general reaction. Again, 


many biting insects inj«et larval para- 
sites into the blood stream of the host. 
These larvae mature and give rise to 
serious diseases, such as the human 
sleeping sickness of Africa, malaria, yel- 
low fever, dengue, filarial disease, etc. 
Other insects, such as lice, contaminate 
with their dejecta the wounds which 
they make, and in so doing produce 
typhus fever and relapsing fever. 

There are, moreover, large numbers 
of parasites which have become so inti- 
mately associated with their hosts that 
the condition is an obligatory one for the 
parasite. Certain flies lay their eggs in 
wounds or ulcers; others deposit their 
eggs or larvae under unbroken skin; 
still others oviposit on food which is 
swallowed by various mammals. The 
eggs hatch in these locations, the larvae 
grow at the exj)cnse of the host’s body, 
cause serious injury and frequently 
produce death. Many parasitic organ- 
isms are taken into the body with food 
or drink and become attached to the 
intestinal wall of the host, where they 
proceed to develop and reproduce. 
Some of these species of parasites taken 
into the mouth with food migrate from 
the digestive tract into the liver, lungs, 
kidneys, muscles, blood or lymph chan- 
nels, and develop in these remote loca- 
tions. Another group of parasites, 
such as the hookworms and the blood- 
flukes, directly invade the unbroken 
skin of the host, and after an involved 
migration through the body come to 
settle down in the intestinal wall or its 
adjacent blood supply. All these latter 
groups of parasites have become so inti- 
mately associated with the life of the 



ANIMAL PARASITES 


229 


host that their condition is an obligatory 
one; in other words, life is impossible 
for them without this association. 

These illustrations serve to show the 
wide range of habits of the parasite in 
relation to its host. It will now be pos- 
sible to make inquiry into the types of 
parasites found in wild and domestic 
mammals. 

Types of Animal Parasites op 
Mammals 

The animals which are found in para- 
site association with mammals may be 
grouped into two main divisions, ecto- 
parasites and endoparasites. The for- 
mer are essentially all insects and their 
allies which live on the skin or in its 
superficial layers. The latter consist of 
one-celled animals or protozoa, and vari- 
ous types of parasitic worms, as well as 
certain insects and their allies. The 
endoparasites live in all of the deeper 
tissues of the body, but each parasite 
usually has a preference for certain tis- 
sues. In view of the fact that there are 
tens of thousands of species of parasites 
of mammals it will be possible to use 
only certain forms for purposes of 
illustration. 

Ectoparasites 

This physiological group includes the 
ticks, mites, lice, fleas, flies, mosquitoes 
and bugs. With the exception of the 
filth and flesh flies and the feather lice 
of birds all these forms are bloodsuckers, 
i.e., they depend on blood as a source of 
food for themselves. 

Ticks, The tick lives for the greater 
part of its life closely associated with 
the ground and only crawls upon and 
becomes attached to mammals when it is 
in need of food. Whether it be the 
larva, the seed tick or the mature tick, it 
buries its external mouth-parts into the 
skin of the mammal and proceeds to 
feed until it is fully engorged, its ab- 
dominal wall swelling out to accommo- 
date the ingested blood. In this respect 


it is much like a leech, and when the 
feeding is completed it drops off and 
becomes dormant. Such a single feed- 
ing in the case of certain species of ticks 
may last for four or five years. Many 
of these ticks are not especially selective 
of their host. The writer has found 
both the castor-bean tick {Ixodes 
ricinus) and the fowl tick (Argas per- 
sicus) on the following hosts: dog, ox, 
wild boar, Bactrian camel, hedgehog 
{Erinaceus dealbatus), jungle-fowl 
{G alius indicus) and the gecko. lie has 
also had personal experience with these 
two species of ticks. Ordinarily the 
drain on the blood is minimal and no ill 
effects are experienced except for tem- 
porary pain at the site of puncture. 
However, certain ticks, such as the 
Rocky Mountain sheep tick, Dermacen- 
tor andersoni, secrete a ‘Wenom’’ which 
produces paralysis in sheep and in chil- 
dren. Furthermore, ticks arc responsi- 
ble for transmitting the following dis- 
eases to various mammals ; (1) relapsing 
fever (man) ; (2) cattle fever of Texas, 
Africa, Russia, Japan, etc., and related 
fevers in sheep, horses and dogs; (3) 
heart-water fever of Southeast Africa 
(cattle) ; (4) Rocky Mountain spotted 
fever (sheep are reservoirs, man be- 
comes seriously ill), and (5) tularaemia 
(sheep, rabbits, muskrats, man). Dis- 
eases such as Texas cattle fever produce 
jaundice, anemia, malnutrition and fre- 
quently death in the host. In cattle this 
disease renders the animal unsatisfac- 
tory either for beef or milk production. 
The Bureau of Animal Industry of the 
U. S. Department of Agriculture main- 
tains a rigorous quarantine in the tick- 
infested areas of the Southern United 
States, a justifiable procedure, but one 
which works a great hardship on cattle 
breeders and shippers. Prevention of 
tick infection is a most difficult problem. 
Various ‘‘dips’’ have been used but 
these are not always effective, since some 
of the ticks may remain attached to skin 
folds, particularly where the fur is long. 
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It need not be pointed out that for man 
tick-borne relapsing fever, Rocky Moun- 
tain spotted fever and tularaemia are 
very serious diseases and that the mor- 
tality in these infections is high. 

Mites. Mites are related to ticks but 
are smaller and have a less leathery 
skin. There are hundreds of species 
which trouble mammals. Some of these 
are incidental or accidental and need 
not be considered here. There are sev- 
eral species, however, which produce 
mange and are not only a great aggra- 
vation to the unfortunate host, but are 
particularly detrimental to the produc- 
tion of marketable pelts. The most 
common of these mange mites is Bar- 
copies scabei. It can infest almost any 
mammal, and while it is most commonly 
found in the ear-lobes of fur-bearing 
animals, it also frequently involves the 
whole skin. Animals in the wild are 
much less subject to attack from these 
mites than are those in captivity. 
Zoological gardens frequently have to 
contend with epidemics of mange among 
their primates and cats, and silver fox 
breeders are frequently confronted with 
the problem. Sulphureted lanolin oil, 
rubbed into all affected areas of the in- 
fested animal, is the standard remedy. 
Sarcoptic itcli in man is also a serious 
skin disease, very resistant to treatment. 
It has not been proved, however, that 
the human variety is identical with that 
of other mammals. 

The little red chigger, or harvest 
mite, is a pest to man in the Southern 
United States. In Japan and Formosa 
and probably also in the Malay States 
and Sumatra, certain of these red mites 
carry an infection known as “river 
fever, which is very fatal to man. In 
Japan the mites are commonly found on 
certain field mice {Microtus monte- 
belli), while in Sumatra certain birds 
harbor them. In Panama the conejo 
pintado (Cuniculus paca vir gains) is a 
favorite host of these mites. 

Lice. There are two kinds of lice. 


biting lice and sucking lice. The for- 
mer are commonly called feather liee, 
because they are so common amongst 
the feathers of birds. They are techni- 
cally known as mallophaga. Very few 
species have been described from mam- 
mals. These forms feed on the barbnles 
of feathers of birds and the epidermal 
scales and oily secretions of mammals. 
They are of little economic importance 
in mammals. The sucking lice (ano- 
plura), on the other hand, are of im- 
mense economic importance. They are 
confined exclusively to mammals, par- 
ticularly rats and mice, horses, oxen» 
pigs, monkeys and man. The human 
forms, the body louse, head louse and 
pubic louse, are indicative of the poor- 
est sort of personal hygiene, while the 
body louse is responsible for the trans- 
mission of typhus, trench fever and the 
commoner types of relapsing fever. 
Scrubbing of the body with soap-kero- 
sene mixtures in water and delousing of 
clothing and kennels with live steam are 
indicated wherever animals become in- 
fested. 

Fleas. Fleas are mostly objection- 
able because of their irritating bites. 
The commonest species are those found 
associated with rats and mice, dogs and 
cats, and man. The fleas of rats, of the 
ground squirrel and of the tarbagan are 
of medical importance because they 
transmit plague from rodent to rodent 
and from rodent to man. Dog and cat 
fleas transmit the dog tapeworm, Dipy- 
lidium caninum. All thejse forms are 
on the mammalian body only during 
their brief blood-sucking period, after 
which they drop to the floor or ground 
and lay their eggs, which develop into 
larvae and then pupate, returning to 
feed only after the pupae have been 
transformed into adult fleas. Of es- 
pecial importance in the realm of true 
parasites is the chigoe flea, a species 
commonly found in warm climates. 
These fleas, which parasitize wild and 
domestic mammals alike, as well as man. 
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feed on the hosts’ blood, after which 
they copulate and the female burrows 
under the skin, particularly that of the 
feet, leaving a small opening through 
which she lays her eggs. By this time 
she is as large as a small pea and the 
surface of the skin becomes bulged up 
into distinct boil-like heads, which fre- 
quently become secondarily infected 
with bacteria. The treatment consists 
in removing the females with a sterile 
needle and cleaning out the wound with 
an antiseptic such as kerosene. 

Flies and their allies. From the 
point of view of their relations to para- 
sitism these insects may be divided into 
two groups, (1) the filth and flesh flies 
and (2) the biting flies. Even flies 
which are otherwise very closely related 
may be separated on this basis, as, for 
example, the ordinary house fly and the 
stable fly. 

Filth and flesh flies are a serious 
menace to mammals. In the first place, 
they may introduce bacteria into acci- 
dentally contracted wounds and produce 
a bacterial infection. More serious, 
however, is the development of larval 
stages of these worms (maggots) in the 
mammalian body. In some instances 
the eggs of the fly may be swallowed as 
a food contamination, hatch out in the 
intestine and develop there, producing 
multiple ulcers. Gastrophilus equi, 
commonly found in horses’ skin, is a 
good example of this type. Maggots 
from eggs of practically all the filth 
flies will hatch in the human intestine 
and produce more or less trouble. In 
other species the female fly will inten- 
tionally lay eggs in wounds (Sarco- 
phaga spp.) of mammals or dart against 
the conjunctiva of the eye (Chrysomyia 
bezziana) and deposit eggs. In both 
these cases the larvae hatch out and 
feed on the tissues, usually becoming 
secondarily infected with bacteria. 
More serious still arc the lesions pro- 
duced by larvae of flies, where the 
females introduce the eggs or viviparous 


young under the skin or in the nasal 
sinuses. The bots (larvae of Hypo- 
derma bovis and related species) are 
particularly destructive to the skin lay- 
ers of cattle, deer, etc. The skins of 
such animals are worthless for use in the 
industries. Oestrus avis in sheep, goats 
and related mammals invades the nasal 
sinuses and develops there, at times 
even invading the brain. In both wild 
and domestic mammals these flies are all 
serious pests. The flesh fly is the cause 
of great suffering in wounds of man on 
the battlefield. Wherever man is 
closely associated with mammals harbor- 
ing the hot or sheep maggots and other 
deslruetive fly larvae, he, too, may be- 
come infested in a similar manner. 

Under the group of biting flies and 
their allies there is a very large number 
of species with varied life histories, 
which have in common the custom of 
sucking blood. There are the common 
stable fly (Mtiscina stabulans), the horse 
flies (tabanids), Chrysops, the tse-tse 
flies (Glossina spp.) of Africa, and 
many others which belong to the larger 
species. Then there are the many hun- 
dreds of species of mosquitoes, the sand- 
flies {Phlebotomus spp.), the midges 
{Culicoides spp.) and the black flies or 
buffalo gnats {Simulium spp.). The 
females of all these smaller forms suck 
blood, and, while the blood of birds is 
equally acceptable, mammalian donors 
are usually more available. 

In the large, the irritation produced 
by the bites of flies is incalculable. 
When it is remembered, however, that 
many of these flies transmit diseases 
Avhieh arc far more serious than their 
bites, the economic importance of this 
group will be appreciated. Just to men- 
tion a few of the diseases, we may note 
the following: sleeping sickness of man 
in Africa, and the trypanosomiases in 
wild and domestic mammals; all the 
known species of filarial infection in man 
and mammals; yellow fever, dengue, 
oand-fly fever, and tularaemia. The im- 
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portance of these transmitters in human 
medicine is just beginning to be appre- 
ciated ; their significance in the causation 
of disease in wild mammals is still un- 
fathomed. 

Bugs, Many bugs will bite mammals 
on provocation, but most of these bites 
are accidental. However, the bedbug 
and its allies are dependent on blood- 
sucking as a source of food. Likewise 
the assassin-bug and the “kissing-bug** 
belong to this latter category. The bed- 
bug has been accused of transmitting an 
Oriental disease known as kala-azar, also 
certain spirochetal infections, but there 
is no definite proof incriminating this 
much-maligned creature as a necessary 
agent either in these or other diseases. 
The assassin-bug {Triatoma megista) is 
known to be the transmitting agent of 
Chagas disease to man in South Amer- 
ica. The armadillo is the wild reservoir 
of this infection. 

Endopakasites 

Endoparasites have been defined as 
those organisms which live parasitically 
for a greater part of their life within 
the body of their host. For convenience 
they may be considered under the fol- 
lowing headings: (1) protozoa or one- 
celled organisms, (2) flatworms and (3) 
roundworms. There are so many thou- 
sands of these species that only a few 
can be considered. 

Protozoa, Some of these lowly para- 
sites are primitive and simple in their 
structure; others arc complex and spe- 
cialized. Among the former are the 
endamebas, while in the latter group are 
the malarial organisms. 

The endamebas. These species live 
primarily in the digestive tract. Some 
live entirely in the intestinal lumen and 
feed only on food as it passes through 
the intestine. One type (Endamoeba 
gingivalis) is found associated with bac- 
teria and spirochetes in pyorrheal in- 
fections of the gums. Another, End- 
amoeba histolytica, is a tissue parasite 


and causes definite ulcers in the large 
bowel. This latter species is common 
to man, several species of monkeys, the 
cat, the dog, the rat and the pig. In 
man it frequently produces dysentery. 

Flagellates, There are two physiologi- 
cal groups of endoparasitic flagellates, 
those in the intestine and those in the 
blood stream and blood-forming organs. 
The former group are relatively innocu- 
ous; the latter are usually pathogenic. 
Among the latter are the dozens of 
species of trypanosomes, causing diseases 
in wild animals, also in cattle, horses, 
donkeys, sheep, camels, monkeys and 
man (sleeping sickness). Then there 
are the modified hemoflagellates (leish- 
manias) which cause cutaneous and vis- 
ceral diseases in man and dogs. 

Malarial parasites and related forms. 
There are three distinct species of ma- 
larial infection in man. In monkeys 
there are several types of malarial para- 
sites. Other mammals also harbor para- 
sites of this group, but it seems alto- 
gether likely that they are all distinct 
one from another. The piroplasms, ana- 
plasms, etc., which infect red blood cells, 
are not known to infect man but con- 
stitute a serious group of infections in 
cattle, sheep, horses, camels, etc. Coc- 
eidia infest rabbits, sheep, cattle, hogs, 
dogs and cats and occasionally develop 
in man. Most of these coccidia are lo- 
cated in the walls of the intestines but 
in rabbits they infest the liver. Horses 
and cattle, camels and sheep are at 
times afflicted with a protozoan infection 
of the fiesh known as Sarcocystis, and 
man has been reported to have incurred 
this disease. 

Cihates, There are several ciliated 
protozoa which live in the intestinal 
tract of mammals. Some of these are 
located in the stomachs of ruminants. 
The most widely known species. Balan- 
tidium coli, is a parasite of the large 
bowel of the hog, monkey and man. In 
man, at least, it is at times associated 
with a severe dysentery. 
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Flatworms, These forms consist of 
two types, tapeworms and flukes. 

Tapeworms. There are many hun- 
dreds of species of tapeworms infesting 
mammals. The majority of these occur 
as adult, sexually mature forms attached 
to the intestinal wall of their host, but 
in some cases they are found in the 
larval state in other organs of the body. 
All species of mammals have tapeworms. 
Some of these worms arc only a few 
millimeters m length while others are 
several meters long. The adult Echino- 
coccus in the dog's intestine is an ex- 
ample of the first type ; the human beef 
tapeworm, of the second type. In most 
instances the infection does not cause 
serious inconvenience to the host, but at 
times intestinal upsets, nervous disorders 
and profound anemias are attributed to 
these worms. All the tapeworms, with 
the exception of some of the dwarf spe- 
cies (Hymenolepis spp.), require at least 
one intermediate host. In many forms 
one mammal serves as the adult host and 
another as the larval or intermediate 
host. The following will serve as ex- 
amples; Taenia hydatigena, dog (adult), 
ox, sheep, goat, pig (larval) ; Taenia 
ovis, dog (adult), sheep, goat (larval); 
Taenia pisiformis, dog (adult), rab- 
bits (larval) ; Taenia taeniformis, cat 
(adult), rat (larval) ; Taenia multiceps, 
dog (adult), sheep, goat, ox, horse (lar- 
val) ; Taenia scrialis, dog (adult), rab- 
bit (larval) ; Echinococcus granulosus, 
dog (adult), sheep, ox, pig, man (lar- 
val). It will be seen from this series 
how important the dog is in spreading 
these infections, in which the larva is a 
far more serious pathogene than the 
adult worm. 

Flukes. These worms are interesting 
but peculiar forms. All those found in 
mammals require some snail as a first 
intermediate host and some species re- 
quire a second intermediate host as well. 
In certain types the mammal incurs the 
infection from consumption of herbage 


containing the larvae which have crawled 
out of their snail hosts and become en- 
cysted. This accounts for most of the 
fluke infections of cattle, sheep, hogs, 
camels, etc. Other mammals, such as 
dogs and cats and their wild relatives, 
beavers, martens, and man — all pisciv- 
orous animals — become infected from 
consumption of infested raw fish. The 
lung-fluke of wild felines, the pig, the 
dog and man is accounted for by con- 
sumption of infested raw crabs and 
crayfishes. The blood-flukes of horses, 
cattle, sheep, camels, mice and man in- 
vade the mammalian skin in their larval 
stage and migrate to the portal blood 
vessels. 

Roundworms. The roundworms in 
mammals are legion. While the major- 
ity of them are found in the digestive 
tract, some important groups get into 
the muscles ; others live in the blood and 
lymph spaces; still others have a pre- 
dilection for the lungs, kidneys, etc. 
Most of these species have relatively sim- 
ple life histories, but some require inter- 
mediate hosts. Those which get into the 
body via the mouth arc introduced as a 
contamination of food or drink; those 
which use the skin as a portal of entry 
are usually introduced by the bite of a 
fly.^ The ‘‘stomach-worm'' (Ascam), 
the whipworm and the pinworm are ex- 
amples of the former type, while the 
filarial infections are representative of 
the latter type. The guinea-worm is an 
example of a most interesting type. It 
enters passively by accidental ingestion 
of water- Hc.is {Cyclops spp.) parasitized 
by the mature larval stage of the worm, 
and emerges through a skin puncture 
made by the gravid female worm at the 
time she is ready to discharge her pro- 
geny of wriggling larvae. 

General CoNsroERATiONs 

It may be inferred from a considera- 
tion of the foregoing types of animal 

1 The hookworm and related species consti- 
tute exceptions to this rule. 
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parasites of mammals that there is no 
strict line of cleavage between those 
forms found associated with wild mam- 
mals and tliose associated with mammals 
under domestication. Since all mam- 
mals were originally in the wild state 
and since parasitism undoubtedly ante- 
dates all known records, it is safe to 
assume that wild mammals were para- 
sitized even at the time when they were 
emerging from their more lowly ances- 
tors. Those species of parasites which 
have reached the nearest equilibrium 
with the tissues of their host, ix., those 
which cause least damage to the host, 
are possibly the forms that became asso- 
ciated earliest in this host-parasite rela- 
tionship. 

Undoubtedly in the past, as at present, 
epidemics with parasites have wiped out 
entire species of wild animals or have, 
at least, limited their distribution. 
However, animals in confinement are 
much more liable to infections of this 
kind. Man has acquired his animal 
parasites in three ways: (1) by eating 
the raw flesh of wild or domestic animals 
harboring the larval stage of the infec- 
tion; (2) by skin and mouth contamina- 
tion with stages of the parasite from 
mammalian sources, and (3) by insect 
bites, causing the introduction of para- 
sites which have come from mammals to 
man. Of course many animal parasites 
of one host have failed to become 
adapted to other hosts exposed to infec- 
tion. This fact has kept these infections 
more or less within limits. Likewise, 
certain species of parasites, while re- 
taining their structural identity, have 
become physiologically different in dif- 
ferent hosts, so that the parasite of one 
host is not interchangeable with that of 
another. This fact also tends to keep 
these infections within bounds. 

Immunity reactions of mammals to 
animal parasites are much leas complete 


than they are to bacteria. In fact, it 
seems likely that there is no complete 
immunity of any mammal to any animal 
parasite, although certain in^viduals 
manifest a partial immunity to malaria, 
to Ascaris infection and to hookworm 
infection. A relative age immunity has 
developed in the case of Ascaris in dogs, 
in that of the strongyle, Haemonchiis, 
in sheep, and of the dwarf tapeworms 
in rodents and man. 

The economic loss occasioned by ani- 
mal parasite infections of mammals in 
the wild, in zoological gardens, and in 
cattle, sheep, pig and horse-breeding 
localities amounts to a physical drain 
on natural resources which is far 
greater than any intrinsic value that 
might be placed on it. Likewise, in 
human welfare, the illness and incapac- 
ity for work due to malaria, hookworm 
disease and other animal-parasite infec- 
tion is too great and too wide-spread to 
be measured by monetary standards. 
Prevention of these infections requires, 
first of all, a knowledge of the life cycles 
of all the species of parasites involved; 
likewise, acquaintance with the weak 
points in the life cycle where the para- 
site may be most easily attacked. In 
the next place, it is necessary to utilize 
such methods as will be most practicable. 
Theoretically, the avoidance of con- 
tamination with infested excreta and 
screening from insects are the most com- 
mon general methods of attack. Mass 
therapy is also an important line of pro- 
cedure. Quarantine measures are de- 
signed to stop the spread of infections. 
Here, again, the problem can be solved 
only by an intimate acquaintance with 
the specific merits of the ease. 

From both a physiological and a prac- 
tical view-point the animal infections of 
mammals constitute one of the most en- 
gaging group of problems in present-day 
zoology or medicine. 
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The common cold and its complica- 
tions has been the main disease cause of 
disability among our student body 
throughout the eighteen years for which 
figures are available. And the peak of 
the cold curve has invariably occurred 
each year sometime during the months 
of December, January, February or 
March.^ In certain of these months, 
colds and their complications have been 
so frequent as to make up well over one 
quarter of the calls made upon our ten 
college physicians for advice or treat- 
ment. 

The Magnitude of the cold problem 
among the male students of Cornell 

CHART 1 

Rklativb Number of Acute Infections* of 
Throat and Respiratory System 
FOR Specified Years 


University is somewhat shown in the 
accompanying chart (Chart 1). 

Small wonder then that the preven- 
tion of colds has taken on for us some- 
thing more than an academic interest! 

The Cold Epidemic Limited to a 
Small Group 

In 1924 a questionnaire study* of 
2,485 freshmen and sophomores showed 
the following distribution of colds ac- 
cording to frequency: 


Group 1, 

Group 2, 

Group 3, 

No cold or 

2 or 3 

4 or more 

1 a year 

a year 

a year 

Men, per cent. 15.4 

58.2 

26.2 

Women, per cent. 18.8 

61.3 

19.5 

Average 17 

60 

23 


Total con- 
sultations 


(^onflulations for 
acute respiratory 
or throat infections 


Number Per cent. 


1919-1920 

13,619 

2,392 

17.4 

1920-1921 

13,280 

1,47.5 

11.0 

1921-1922 

10,655 

2,409 

14.4 

1922-1923 

16,832 

2,894 

17.2 

1923-1924 

17,852 

2,453 

13.7 

1924-1925 

21,360 

3,057 

14.3 

1925-1926 

18,798 

3,614 

19.2 

3926-1927 

10,999 

2,714 

15.9 

1927-1928 

18,913 

3,177 

16.7 

1928-1929 

17,306 

3,035 

17.5 

1929-1930 

15,256 

2,110 

13.8 


* Diseases listed as acute infections of throat 
and respiratory system: influenza ’’ (cold 

and fevor), Vincentes angina, acute rhinitis, 
acute bronchitis, acute pleurisy, acute tonsil- 
itis, acute pharyngitis, acute otitis media, 
peritonsillar abscess, acute tracheitis, pneu- 
monia and acute sinusitis. 

1 ^ Seasonal Factors in the Incidence of the 
Acute Respiratory Infections,^' Am, J, Hy- 
giene, vi, 5, 621-626. September, 1926. 


In 1926 a similar questionnaire study® 
of 1,625 freshmen and sophomores 
showed the following distribution of 
colds according to frequency: 



Groups 1 and 2, 

Group 3, 


Never more than 

4 or more 


3 colds a year 

a year 

Men, per cent. 

72.5 

27.5 

Women, per cent. 

70.1 

23 9 

Average 

74.3 

25.7 


Throughout the period, November 1, 
1926, to April 3, 1927, we recorded the 
incidence of colds among 1,625 students 
who had classified themselves as having 
either three or less colds a year, or four 
2*' A study of the Acute Infections of the 
Throat and Respiratory System," J, A, M, A., 
82, 540-541, February 16, 1924. 

3 "A Study of the Weekly Incidence of 
Colds in Normal and in Cold-susccptible 
Groups throughout a Wintoi:," Am, J, Hy- 
giene, ix, 2, 477-479, March, 1929. 
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or more colds a year. Among the 468 
normal (not more than three colds a 
year) women students and 732 normal 
men students throughout the twenty- 
two weeks in which colds were recorded, 
there was no week when more than 13 
per cent, of the groups had a cold and 
no week when less than 3 per cent, had 
a cold. Among the 147 cold-susceptible 
women students and the 278 cold- 
susceptible men students, there were 
weeks when 60 to 62 per cent, of the 
groups had a cold and there was no 
week when less than 19 per cent, of the 
group had a cold. 

A study* of the 815 male members of 
the entering class, in the fall of 1927, 
showed that 17.9 per cent, of them were 
cold susceptible (had four or more colds 
a year) and that same group had aver- 
aged 4.31 infectious diseases per person 
by college entrance as against an aver- 
age of 3.68 infectious diseases per per- 
son, among the normal (never more 
than three colds a year) group. 

Prom the above data we have con- 
cluded that there is one group of stu- 
dents (17.9 to 27.5 per cent.) who are 
unduly susceptible to all infectious dis- 
eases and particularly so to colds. And, 
furthermore, it is in this group we be- 
lieve that our winter epidemics of colds 
occur, since the curve of colds in the 
normal group is flat and practically 
devoid of any epidemic peak. 

The CoiiD Epidemic, Entirely a 
Winter Phenomenon 

For the past 18 years there has been 
no winter when our student body has 
escaped having an epidemic of colds 
sometime during the dark, cold period 
between December 1 and March 31, 
though the peak for the year 1920-1921 
was a very slight one.' There are many 
conditions which obtain in our student 
body during this winter period which do 

^ * Cold-su8ceptibles vs. Normals, Physique 
and Past Medical History,^' Am, J, Hygiene, 
ix, 2, 473-476, March, 1929. 


not obtain during the summer and 
which might quite conceivably lower 
the resistance of our cold-susceptible 
group en masae. The atmosphere of 
our lecture halls and recitation rooms 
throughout the winter months is apt to 
be hot, dry, quiet and considerably pol- 
luted by infective moisture droplets 
talked, coughed or sneezed out of the 
many throats. Windows are opened 
here and there and adequate mechanical 
systems of ventilation are in operation 
in a few of the more modern buildings, 
but in order to keep the feet warm and 
comfortable through the hour, the aver- 
age lecturer or instructor has found 
that windows can be opened only very 
conservatively, if at all. Thus at the 
end of the hour the student not infre- 
quently steps out abruptly from a class- 
room with a temperature of 70® 
Fahrenheit and a relative humidity of 
25 per cent, into an outside atmosphere 
with a temperature of zero Fahrenheit 
and a relative humidity of 70 per cent. 
This marked difference in atmospheric 
conditions, the New York State Commis- 
sion on Ventilation found, results in a 
paling, a swelling and non-resistant 
condition of the mucous membrane of 
the nose, as well as in a decrease in the 
mobilization powers of the ‘‘immune 
bodies in the blood stream. A chart- 
ing of cold incidence at Cornell against 
average temperature, month for month 
throughout the period, 1912-1913 to 
1924-1925, showed a definite reciprocal 
relationship between the two.' 

In spite of our earnest efforts to 
popularize the use of the “protective 
foodstuffs,^' such as milk, leafy vege- 
tables and citrous fruits, a large num- 
ber of college students still fail to in- 
clude adequate amounts of these foods 
in their daily diet. As a result, it is 
not uncommon to find the alkaline re- 
serve at a point we would consider low 
or low-normal. And when in mid- 
winter the vegetables they do eat are 
largely canned ones and the milk comes 
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only from stall-fed cows, and the eggs 
from winter-housed chickens, a defi- 
ciency in vitamin intake sufficient to 
lower resistance to many types of infec- 
tion is almost certain to occur. 

The part that a high blood sugar 
plays in lowering resistance to colds is 
still not determined, but the frequency 
with which colds follow “candy sprees’’ 
in children and adults at Christmas 
time is at least suggestive. 

A skin that receives little, if any, 
sunlight tends to become pale, rough 
and very sensitive to changes of temper- 
ature in the air about it. In such a 
skin very little vitamin D is formed 
from the irradiated ergosterol. Lack 
of sunlight in the dark winter months 
may, therefore, keep the skin hypersen- 
sitive to chilling and contribute to the 
vitamin deficiency, thus conceivably 
lowering the resistance to colds in two 
ways. A cliecking of cold incidence at 
Cornell against average hours of sun- 
shine, month for month through the 
period 1912-1913 to 1924r-1925, showed 
a definite reciprocal relationship be- 
tween the two.^ 

We have, therefore, been led to con- 
clude that some of the important factors 
responsible for the cold epidemics 
among our cold-susceptible students are 
faulty ventilation, faulty diet and lack 
of ultra-violet irradiation of the skin 
surface. 

Previous Attempts at Control op 
Cold Epidemics 

A large number of the experiments 
designed to control just one of the cold- 
causative factors enumerated above 
have given surprisingly favorable re- 
sults. Thus the New York State Com- 
mission on Ventilation reports a uni- 
formly decreased incidence of colds 
among school children whose school- 
rooms are ventilated by the modern 
modified window method rather than by 
the mechanical method. Several work- 
ers report a decreased incidence of colds 


where the children’s attention is rather 
continuously called through “no-cold 
campaigns’’ to such hygienic faults as 
sneezing or coughing with the mouth 
uncovered by a handkerchief. Other 
workers report that diets rich in the 
“protective food-stuffs,” and particu- 
larly in butter, are very successful in 
reducing the incidence of colds. Dr. V. 
S. Cheney, of Chicago, states that it is 
frequently possible to prevent the occur- 
rence of threatening colds by appro- 
priate doses of alkali. At CornelP*® 
through two winters, 1926-1927 and 
1927 -11)28, groups of cold-susceptible 
students were given weekly irradiations 
of ultra-violet light which corresponded 
roughly with the amount of ultra-violet 
light which the average student would 
obtain from the sun’s rays on his neck, 
face, hands and wrists in ordinary cloth- 
ing in midsummer. The incidence of 
colds in the groups so irradiated was 
approximately 40 per cent, less than in 
similar groups of eold-susceptible stu- 
dents which were being followed but 
not irradiated. 

Present Attempt at Control op 
Cold Epidemics 

Beginning with the fall of 1929, the 
following measures were put into 
operation : 

(1) Each freshman receives in his 
hygitmc course as full an explanation as 
we can provide as to the importance of 
controlling the condition of the indoor 
air through proper regulation of heat 
and open windows, as to the importance 
of treating nose and throat secretions as 
extremely infective materials and as to 
the importance of including in the daily 
diet two to four glasses of milk, two 
helpings of leafy or fiber vegetables, one 

6‘^The P^ffcct of General Irradiation with 
Ultra-violot Light upon the Frequency of 
Colda,^' J. Prev, Med., ii, 1, January, 1928. 

6 ‘ * Irradiations from a Quartz-mercury 
Vapor Lamp as a Factor in the Control of 
Common Colds, Am. J, Hygiene, ix, 2, 466- 
472, March, 1929. 
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helping of fruit, one or two salads, and 
very little candy or sweets. 

(2) All those students who classify 
themselves as cold-susceptible (usually 
having colds four or more times a year) 
are urged to pay a nominal fee and 
join a ‘ ‘ cold -prevention class,'’ there to 
receive the following treatment: 

(A) A fifteen-minute ultra-violet 
light bath is given once a week from 
October through December, twice a 
week from January through March, 
once a week again through April. 
(Solaria using Everready Sunshine car- 
bon arcs, General Electric Type SI 
lamps, and Cooper-Hewitt mercury arcs 
in corex D glass tubes and accommodat- 
ing 150 students per hour have been 
installed.) 

(B) Since we found that the alkaline 
reserve in a group of cold susceptibles 
was in many cases lower than that in a 
group of cold immunes, we have been 
issuing to the cold susceptibles joining 
the class one ounce packages of a pow- 
der composed of equal parts of sodium 
bicarbonate and magnesium carbonate 
flavored with oil of peppermint, with 
the directions to ‘‘take one teaspoonful 
in a glass of water twice a day for three 
days whenever the nose runs or the 
throat feels sore." 

(C) In those persons whose colds 
continue to occur in spite of the above 
regime a careful study of the nose, 
throat and sinuses is made. Where a 
chronic sinusitis exists with the nose 
structurally normal, an antogenous vac- 
cine is made up and given subcutane- 
ously in 1 cc doses once a week through 
the year. Where sinuses, nose and 
throat seem normal, a mixed stock catar- 
rhal vaccine is given in 1 cc doses once 
a week for a varying period. Where 
nasal obstruction, empyema of sinuses or 
chronic infection of tonsils demand it, 
operation is advised. 

(D) A sheet of specific instructions 
concerning diet, alkalinization, ventila- 
tion, sleep and ultra-violet irradiation is 
given each member of the class. 


Results in Cold-susceptible 
Group Treated 

Each week during the period of treat- 
ment, each member of the cold-preven- 
tion class fills out a slip printed as 
follows : 

Date . . 

Name 

Have you had a cold during the past 'weekf 
Yob 
No 

If ‘‘yes^^ was it mild t 

Severe t 

Each week also a control group of 
similar cold susceptibles, untreated and 
simply under observation in a weekly 
hygiene class, fills out a similar slip. 
The results, November, 1929, through 
January, 1930, were as follows : 



Total num- 
ber of colds 

Number 
mild colds 

Number 
severe colds 

Number 
colds apiece 

100 cold'Buscoptiblo 
students under 
treatment 

115 

84 

31 

1.15 

38 cold-susceptible 
male students 
untreated 

76 

54 

22 

2.00 

Per cent. 

reduction, 42.5 



The results,^ February, 1930, through 
April, 1930, were as follows : 


3l 

& o 



98 cold'Busceptible 
male studonts 

under treatment 99 2 33 1.01 

33 cold-BUBceptible 
male students 

untreated ... 80 2 2 2.42 

Per cent, reduction, 58.26 


f * * Further Observations on Control of 
Common Colds by Ultra-violet Rays,^' Brit. J. 
Aoiinotherapy and Physiotherapy, v, 6, 115, 
September, 1930. 
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Comment 

The work so far has had to be largely- 
limited to the male students, since the 
women students have not shown suffi- 
cient interest to pay the nominal fee 
and take the treatments in numbers 
large enough to be significant. Reasons 
for this may be, first, that women are 
not so much troubled by colds; second, 
it is possible that the women students 
object to the necessity of taking the 
treatments nude, even though in their 
own solarium operated by women and 
located in the women’s medical adviser’s 
office. 

The results we obtained in the small 
group of women who joined the “cold- 
prevention class,” February, 1930, 
through April, 1930, were as follows : 
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15 cold'Bxisceptible 




female students 

under treatment 26 

1 

3 

1.73 

6 cold-susceptible 
female students 

untreated 13 

0 

0 

2.16 

For cent, reduction, 19.9 



To expect at this early stage of the 
organized work (it is now only in its 
third term) to note a measurable reduc- 
tion in the colds of the whole student 


body is to bo too optimistic. If, how- 
ever, we could popularize our “cold- 
prevention class” to the point where 
they would include 1,000 to 1,200 of our 
cold susceptibles instead of merely 150 
to 300 of them, we have good theoretical 
grounds for believing that the cold epi- 
demics in the whole student body would 
be considerably modified. 

Conclusions 

(1) Colds and their complications are 
our commonest disease cause of student 
disability. 

(2) Cold epidemics occur largely in 
the 17.9 to 27.5 per cent, of students 
definitely cold susceptible and touch 
very little the normally resistant group. 

(3) A combination of old and new 
methods applied to groups of cold- 
susceptible male students in our hands 
has resulted in a reduction of 42^ to 
58 26 per cent, in cold incidence. 

(4) Difficulty has been encountered 
in getting the cooperation of women 
students and in the very small group of 
cold-susceptible women who have joined 
the “cold-prevention class” a reduction 
of only 19.9 per cent, in cold incidence 
was noted in the first experiment. 

(5) We have theoretical grounds for 
believing that attacking the colds in the 
cold-susceptible group will prove to be 
an elTective way of modifying or avert- 
ing the usual cold epidemics of our stu- 
dent body. We have as yet no positive 
evidence to present in confirmation of 
this belief. 



PALMS OF THE CONTINENTAL UNITED 

STATES 

By Dr. JOHN K. SMALL 

NEW YORK BOTANICAL QAKOEN 


Althouoh millions of people outside 
of the tropics are acquainted with palms, 
their acquaintance is limited largely to 
potted plants ; and it is not, as one may 
well believe, under such circumstances 
that palms reveal themselves to be what 
they have so properly been termed: 
"Princes of the vegetable kingdom.” 
While there are many kinds, it is true, 
that develop well in large greenhouses, 
most of the specimens grown indoors are 
puny; or even if w'ell developed, their 
surroundings so detract from their true 
characteristics that much of their natural 
beauty is lost. 

Only in the tropics or in the outlying 
areas of natural distribution in temper- 
ate regions, where nature has planted 
them and given them a chance to grow, 
either singly or en masse, does one get 
the true idea of the majesty of this 
unique and highly characteristic group 
of plants. 

During the later geologic ages palms 
grew in most parts of North America, 
as is shown by the fos.sils preserved in 
the strata of the continent. Eemains of 
the various organs, mostly leaves, have 
been found not only in temperate North 
America, but also as far north of the 
Arctic Circle as collectors have thus far 
penetrated. Owing chiefly to the firm 
substance of their tissues, moreover, the 
minutiae of some of these ancient palms 
have been preserved to us in the greatest 
detail. These palms of the North oc- 
curred mostly, if not wholly, in the later 
geologic ages, being most abundantly 
preserved in the strata of the Tertiary 
period, although they definitely ap- 
peared, developed and multiplied in the 
preceding period, the Cretaceous. 


Palms were thus, apparently, much 
more widely distributed over the face of 
the earth in past geologic times than at 
present, but the number of different 
kinds living at any one time, perhaps, 
did not rival the aggregate existing to- 
day, which is approximately twelve hun- 
dred species. About the same number of 
species as are now living in the conti- 
nental United States are recorded for 
the past ages by the fossil remains from 
all parts of North America. 

In modern times there are two main 
centers of geographic distribution for 
palms — tropical America and tropical 
Asia. There is a minor center in tropical 
Africa. 

Instead of extending into the present 
arctic regions as they formerly did, the 
northern geographic limits are now in 
the southern United States, southern 
Europe, Afghanistan and southern 
Japan, while the southern limit in 
America is about middle Chile, or, in 
other words, the geographic distribution 
is within 38° north latitude and 37° 
south latitude, in regions with an aver- 
age temperature of 60° Fahrenheit or 
more, and a minimum rarely, if ever, 
below zero. 

Tf palms were wide-spread in North 
America up to the ice ages, they were 
then pu.shed .southward, perhaps beyond 
their present northern limits, for they 
may have regained some of the territory 
since the retreat of the ice. In origin 
palms were likely tropical. Hence those 
that populated temperate North America 
migrated northward. The ancestors of 
those now on the Atlantic seaboard would 
naturally have come from the West In- 
dian region while those of the present 
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(\\BBA<;K TUiOK {SJJiAL J^ALMhTTO) 

(}nOWI\(} IN SAND AND KOKMIVC} A CAHBAOK II\MMOt'K ON INDIAN BrAIHII- WT.ST OF JjAK?: OlvKK- 

(’HOHI'K, FldKIDV 



BLPK STEM (N Hi MINOR) 

(iUONVINO IX ALM VII M IN SWAMP AI.ONO LlTTLh UlVFR, NORTIIEKX FLORIDA 
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NEKJH.K PALM {JtIfAPJ DOVm LIA M JIYSTPTX) 
nROWINO I\ ALLrMI’M IN LlTTI.K PlM-R SWAMl', NOUTHMtN Pt,ORII)A 


Caljfornuni s})(*ci(*s 1 ihv(‘ coine 

thr(m<i:h Moxkm) II<)\\cv(*r, tluTo is ono 
palm mystery \Mtli us — tlie needle })alni 
Tlie ])resent relatives of this uni(|ue 
palm are on the opposite side of the 
j^lohe This eondition, ho\Never, is not 
altojjrether unusual, for tliere are several 
herbaceous and uoody plants in the flora 
of our S()u1h(*ast(*rn stab's thus isolated 
A n'eord of the jreolojjie, meteoric and 
IholojLrie chancres in the fjreat liiatus dur- 
ing Avhieh such fundamental ehanjfes 
took place' would be most instructive and 
enterlainintr ' 

PoeONCT Pat.m— P orov mirifrra 

nU(’(’ANKKK PAh\r, HO(} (’AllHAaK PALM, SAR 

(JKNT Paf.m — Psrudophot nir Vfnifrra. 

J?o\ al Palm — Kt/ia. 

Datk Pai.M- Phon\n dm t uhft ) a. 

(‘ABRAdK TrKK, (’ABBA(J1- I’aLMKTTO, CaHHAGF. 

1*ALM, Tree Palmetto, Sw'amp Pamletto — 

Sabal Palmeiio, 

.1 AMES’ Palmetto — i^nhal Janumana. 

1 The foJloMinj? hat ^nos the bolniiieal names 
of the palms of the (ont mental ITnited States 
and their equivalent coinmon names The latter 
are used throughout this aitiele 


PALMhTTO J*ALM, TkXAN PALMhl'IO, 'l>XAS 
(jMtHAGF Tree — Sahal lexana. 

ScRi’B Palmetto, Swo-niLii 1 *m.mftto — S ahal 
Ktonui 

r>LrE Stem, 1)\\ \ke Palmetto — Sahal minor, 
PaIiMI^TTO-AX ITII \ STh M, PAVOU I'ALMETTO - 
Sahal I)( f I itKfiana. 

Saw Palmetto- -N r/ r Ron tf/un.s 
PANLhAE Pai-m, Desert Palm, Wasiii \(,ton 
Palm —IVashinpioma /iliffra 
Silk top Tiiatcii — Thnnax panaffoia, 

P»i{iTTi.E Tiiat( 11— 7’/ir//iar minoraipa. 

Silver Palm — ('ovothi max aipinha 
Saw < abbagf J'alm, Spanish-top, Pi ban Palm 
— Paiuotis It nphtu. 

Neh>i,e T*ai.m, Plce PALM>'rro Phnpidopiml 
him Inf lit I IX. 

The history of the ])alms of tin* con- 
tinental United States covers mori' than 
four centuries. Tlie earliest n'lVrence 
seems to be embodied in th(' ‘‘Rio de las 
Palmas” on tin* map of Alberto Tan- 
tino“ This Rio de las Palmas is wdth- 
2 Though to the fnmona Ponoe de L^oii goes 
the credit of being the first Puropenn to land 
on the shoies of the North American continent, 
w'e are confronted with tw^o ancient and authen- 
tic maps, one dated ]r)02 and a second 1508, 
ile\en and again five vears before 151!! w’Vien 
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out mueli doubt iiiteiidcd to represent the 
now international Kio (Jrande If this 
is so, the palmetto })alm or Texan eab- 
bafre tree, would b(* th(‘ first of our palms 
to be referred to, thouji:h indin*etly On 
tile other hand, the latest native* ^enus to 
eome to li^dit within our boundaries Avas 
the saAV-eabba^<* palm, which was diseov- 
(*red in southern Florida as recently as 
188S. 

Th(»re seems to ha\(‘ Ixmui little* re*- 
ce>rde*d eeniccrnin<? North Ame*ri(*an 
palms, at least in En«rlish lite‘i-ature\ be*- 
twe(*n loOO find 1700 Aft(*r the be*^dn 
ninjr of the eip:ht(*(*nth century r(*fe*rence*s 
te> th(*se ])lants b(*came* metre numerous, 
and the fetllowin^** palms we*n‘ aeleled to 

tlio fjmious knijrlit of Ijoon nrii\c(l ni soauh 
of tin* I’oiiiitaiii of Kt(*rii.'il Yoiilli Somo om*, 
ujiiiie*, nationality, nnel date unknown, had 
preniemsly made a \o>aiife to tin* eoast of 
M(‘\ico, aroniul Florida and up the Atlanta* 
Foast as ovidonoed by the oldest map, dated 
ITtOli, known as the Alherto Fantino map - 
Rohcrl Hanson. 


our receirdeel flora in the order eited- - 
saw^ palmetto, royal iialm, fanl(*af palm, 
needle jialm, eoconut, silver palm, thateh 
imlm, bnccane*e*r jialiii, saw -cabbage* palm 
and elate* palm. 

Tei-elay s(*ve*nte*e*n eliire*r(*nt kinels of 
])alms are knetwii tei ^row naturally in 
the eemt mental lTnit(*el State's — feuir 
f<*athe‘r palms anel tliirte*e*n fan palms 
The* fenmer ^n*on]) se*ems tei re'pre.'sent a 
meire* jirmutive ty})<\ at least as indicated 
b\ the* strindni-e of the leaf, in Avlncli 
the* eliMsions are arran|Lred alonp: the sidt*s 
eif an edenioate* axis or raeliis This 
^u-onj) includes four eif onr palms. Ar- 
raii^^(*d in th<*ir bioleijjrieal se'ejuence, tln\v 
are* hnce*an(*er en* hoj*:- cabbage, eoconut, 
reiya) and drite palms In the* fan palms 
the* h‘af axis or raehis be'yenid the petiole 
IS whedly en* ])artly lost In this case 
the*re are no separate divisie)us of the 
le*af bnt there is a blaele with the veins 
arisin^^ ])almately fremi the tip eif the^ 
pe'tiede* or psendopalniate*ly (eir snbpni- 



SAW PALMETTO (SRRKXOA RRrE.\S) 

WITH CROSTRATK ( RI'H*lN'(i STEMS, eJROW'INO OV COASTAE SAM) m*NES. FacK FaNAVERAL RKOION, 

Florida. 
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SAW PALMETTO {SEMENOA REPENS) 

WITH ERE^’T 8TEM8, <mOVVIN(J IN HAND IN PINE- 

LANDS, EAST or Tampa Bay, Florida. 


natoly ) from the more or loss abbroviatcd 
midrib, which represents the remains of 
the rachis of the leaves of the pinnate 
typo, and prolonged into lobes or seg- 
ments beyond the body of the blade. 
Consequently the fan palms may be 
classed into two groups which may bo 
designated. Palmatae and Pinnati-pal- 
matae. The latter group embraces the 
cabbage trees or palmettos, the fanleaf, 
the saw-cabbage and the needle palms. 
The former group, or that of the truly 
palmate or fiabellate palms, comprises 
the saw pahm'tto, the thatch and the 
silver palms. 

The geographic distribution of the liv- 
ing palms of the United States is almost 
identical with that of the flowering 
epiphytes or air jilants. The state of 
Virginia, however, is not invaded by the 
palms, while Arkansas in the East and 
California in the West must be added to 
the credit of the jialms alone. The geo- 


graphic distribution may be briefly 
stated tiuis: the southeastern United 
in Arkansas, Louisana and Texas, and in 
southern California. In considering the 
geographic distribution of the palms in 
relation to the various states, it is un- 
derstood, of course, that the political 
areas are not usually made on the basis 
of biologic or geologic boundaries. How- 
ever. they are definite and W(*ll fix(»d in 
j)eoj)le*s minds and serve to indicate 
latitudinal and longitudinal distribution. 
It may b(‘ oF interest to record here that 
our palms are naturally coidiiuMl to the 
Atlantic and the Cull* Coastal plains 
with two minor exceptions. These ■will 
be refcrnal to further on. 

The most northern locality for living 
native pidms in North America is Cap(» 
Hatteras, North Carolina, although the 
palm region in southern (California is a 
close second. 

Tn modern times, palms would prob- 
ably be able to grow naturally farther 



DATE PALM (PHOENIX VACTYLIFERA) 

WITH A COCONUT PALM AT LEFT, GROWING IN 
SAND AND AlARL ALONG BAY BiRCAYNE, FLORIDA. 
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northward along the Atlantic coast if it 
were not for the abrupt angle in the 
coast line of North Carolina. Between 
Georgia and ('ap(» Hatteras the coast 
line runs in a northeasterly direction, so 
that the coastal sands and dunes have a 
warm southeastern (‘xposure. At a point 
about thirty miles north of Cap(» Hat- 
teras, however, tin* coast line turns ab- 
ruptly to the nortljwcst, and thus north 
of the Hatteras n^gion the shore has a 
northeastern exjiosun*. Consc'ipiently a 
great deal of the warmtli derived from 
the angh‘ of the sun’s rays on the land 
south of (’ap(» Hattt‘ras, as well as the 



SILK-TOP THAT(Ur (THJiJNAX 
PAUVIFLOBA) 

GR0W’IX<1 OX CORAIi LIMESTONE IN I1AMM0(’K OX 

Rachel Kev, Florida. 



SILVER PALM (COCCOTJfiUXAX 
ABGENTEA) 


MATl'KK, GKOAVINO ON OOLITIC LUIKsTOXE IN 
IMNK-PALM LANDS OF BlO PiNK KfY, FLORIDA. 

(‘ffect of till* w^arm air From the great 
i‘xpanse of heated water lying between 
the coasts of the Carolinas and the Gulf 
Stream and the West Indies, is lost to the 
coastal region north of Hatteras 

Although only on the edge of one of the 
major palm regions, tin* following notes 
on the ])alm association of the southern 
rnit(*d States w ill be a revelaticui to some 
and of inter(‘st to many plan I lovers. 

Taking up the geographic distribution 
by states, we find that the only palms 
known to grow naturally in North Caro- 
lina are the cabbage tree and the blue 
stem. Passing southward, we find the 
same species repeated in South Carolina 
and also tw^o additional ones in the ex- 
treim* southern part of that State. The 
latter are the needle ]>alm and the saw" 
palmetto In Georgia are found the same 
four palms that occur in South Carolina. 
To sum up: there are four different 
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COCONt’T PALM (COCOS .SCCIFKHA) 

OROWINC IN GROONE IN SAND ALONG JUY BiSCAYNE, FLORIDA. 


palms, the cabbage tree, tlie bhie stem, 
the needle palm, and the saw ])almetto, 
together representing three gen(*ra, in 
the Atlantic Coastal Plain north ol* 
Florida. 

The cabbage tree now range's farther 
north than any other of our spe'cies. 
Curiously enough, however, it is absent 
from the Gulf Coast westward of Saint 
Andrew’s Ibiy, Florida, although condi- 
tions along the Gulf of Mexico seem to lx* 
favorable for its growth, at least nearly 
or quite as much so as thosi' that obtain 
along tlie Atlantic Coast north of 
Florida. Its absence from the Gulf 
Coast may b(' occasioned by cold storms 
that sweep down through the Mississippi 
Valley, wdiere tliere is less high land and 
no mountain chains to temper them as 
there are back of the Atlantic seaboard 

However, this well-marked, north- 
south extension of raiigi* may be the re- 
sult of the passage of migratory birds, 
plus favorable temjierature and other 
climatic conditions. Peninsular Florida 
is, and perhaps was formerly, at least in 
recent geologic time, the center of the 
geographic distribution of the cabbage 
trees. The general course of flight of 


migratory birds is north and south and 
not cast and west. Birds may have 
carried the seeds of this palm north- 
ward. Although they may retain seeds 
in their alimentary canal but a short 
tiim*, yi'ar after year they may have 
carried the seed farth(*r and farther 
northward in the Coastal Plain. By 
slow stages of progress the palm could 
thus have gradually accommodated itself 
to a cooler and more changeable climate 
until it reached its limit of endurance at 
Cape Ilatteras. This seemed good theor> 
even when it was still pure supposition, 
but recently an actual case of the migra- 
tion of two of our native palms has conu' 
to our notice. Thus, the northern 
geogi’aphic limit of the silver palm un- 
til lately was in the vicinity of tlie Miami 
River on the Kverglade Keys in southei*n 
peninsular Florida, but within the past 
relatively few years the northern limit 
has actually been extended over seventy 
miles, or more than a hundred miles 
northward of its Floridian center of de- 
velopment. 

The fruits of this i3alm are black and 
meaty, and are esteemed as food not only 
by various birds but by other animals as 
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woll. When a coastwise iiaviKatioii canal <lense tropical plant association on the 
was dredfred northward from the upper coastal dunes between Delray and Palm 
end of Bay Biseayne, sand batiks were Beach. These palms had attained no 
thrown np on one side or another of the trreat size — apparently of recent intro- 
waterway. These banks, undisturbed, duct ion, their advent there was evidently 
soon became clothed with herbs, shrubs due to the aj^ency of birds. The sand- 
and trees, as a result of the various iluiie hammocks aloiift the entire eastern 
methods of seed dispersal, repre.sentinf? coast of Florida are e.xceedinffly interest- 
both local plants and those foreign to the in>r and as yet but little explored and 
region. Among the latter is the .silver .studied. In some place's the woody 
palm, found on the embankments and vegetation is wind-worn and sand-w'orn, 
apparently nowhere else in the region, in other places, espi'cially on aboriginal 
Thus, it is lair to believe that the migra- \illiage sites not directly exposed to the 
tory birds bringing the seeds northward, ocean, many of the trees are of great 
eitlu'r follow the course of the inland size. That birds and also mammals plant 
waterway closely in their flight, or that .seeds of their food plants thereabouts is 
seeds dropped in neighboring parts eviilenced by the palms, figs, cacti, and 
where there is little country suitable for various berry-bearing shrubs that spring 
their growth do not germinate or, at up and snriive for a time on the largi* 
lea.st, do not survive aft<>r germination. horizontal limbs and in decaying knot- 
Closely following this, anotlu'r eipially holes remote from the source of supply 
interesting dLseovery was made. The of their seeds. 

silk-top thatch was found grow ing in the Of course the higher latitude is against 



SILVER PALM {COCCOTURIN AX ABGEXTEA) 
JUVENIl.E, OROWINO IN SAND, MIAMI, FLORIDA. 
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ROYAL PALM {liOYSTOSKA HEGIA) 

GROWING IN MARL IN ROYAL PALM HAMMOCK IN 

THE Big Cvpress Swamp, Florida. 


the natural developnieiit of this tender 
tropical palm northward, but the temper- 
ing,^ elfects of the canal, the lagoons, the 
marshes, and the nearby ocean, although 
they arc slight, may be sufficient to en- 
able the palm growing directly on the 
warm banks to siirvivi* the cold spells 
of the winters. 

On the other hand, some of our palms 
are retreating to a highly eireumseribed 
area. Take the royal palm for an exam- 
ple. William Bartram found this palm 
far ‘^up^' (really down) the Saint 
John\s River — ^between Lake George and 
Lake Dexter — shortly after the middle 
of the eighteenth century, for he records 
that : 


it 18 a fine grwn colour, crowned with an orb 
of rich green plumed loaves. 

To-day there are no royal palms grow- 
ing naturally within two hundred and 
fifty miles of Bartram ’s recorded local- 
ity. Furthermore, during the freezes 
of 1894 and 1895, the three isolated 
royal palms growing in a hammock in 
the Big Cypr(‘ss Swamp near the settle- 
ment of Everglades were killed, and the 
species thus exterminated in that im- 
mediate region by the wiping out of the 
colony. 

Before considering our palm El 
Dorado we will approach it by another 
route, from west to east. Thus, taking 
up the Gulf States and beginning at tlu» 
western extremity of the range: In 
Texas, as in the ease of North Carolina, 
we first find a c*abbage tree -tin* pal- 



Tho palm trees here seem to be of a different BUCCANEER PALM (PSEUVOPIIOENIX 
species from the cabbage tree; their straight FINJFERA) 

trunks are sixty, eighty, or ninety feet high, 

with a beautiful taper, of a bright ash colour, ^Rowing on coral limestone in hammock of 
until within six or seven feet of the top, where Eluotts Key, Florida. 
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metto palm or Texas cabbage tree — in 
the extreme southern tip of the state. 
This palm represents the southern limit 
of distribution in the western Gulf 
States, just as its relative th(‘ cabbage 
tree represents the northern limit of dis- 
tribution in tlie Atlantic States Far- 
ther north in tlie Coastal Plain of Texas 
the blue stem, wliieli was also associated 
\Nith a cabbage tree in North Carolina, 
appears. In all, tlnn-e are tlien but two 
palms native in Texas In Louisiana the 
number of species is three , the jialmetto 
palm lias drop])(*d out, and th(‘ jialmetto- 
wdth-a-stmn or tlu* bayou palmetto is 
associated with the blue st(‘m, and the 
saw' palmetto a[)])(»ars east of the Missis- 
sippi Itiver. The blue stem occurs also 
in southeast (*rn Arkansas 



BIUTTLE THATCH {TEBINAX 
MlCHOCAJtVA) 

GROWING ON OOLITIC LIMESTONE IN PINE-PALM 
LANDS ON Big Pink Kky, Florida. 



P MMETTO -WITII-A-STEM {SAB AT. 

DEERJNGIANA) 

(.ROWING IS GUMBO IN SWAMP ALONG LaKE 
PONTlGIARTBAIN, IjOULSIANA. 

IVissing eastward from the delta of 
the Mississifipi River, the blue stem and 
tin* saw' palmetto are retained and thus 
the State of Mississippi, like its neigh- 
bor, Alabama, has three kinds of palms, 
the blue stem, the needle palm and the 
saw palmetto 

Here it is interesting to notice that 
we lind the only exception in the eastern 
slat(*s to palms occurring outside the 
Coastal Plain. The first and second 
palms — the blue stem and the needh^ 
jialm just Me ntioned — occur a little way 
north of the fall line in Alabama, while 
the blue stem extends over on the edge 
of th(‘ Kdwards Plateau in Texas. These 
<*xtra-limital, so to speak, eases of distri- 
bution are interesting when we realize 
that with these exceptions the palms not 
only are confined to the Coastal Plain, 
hut that they, for the most part, grow 
in the lower parts of that region. 
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PALMETTO PALM (SABAL TEXAN A) 

GROWING IN CLAY AND FORMING A GROVE ALONG THE LOWER RiO GRANDK, TF\AS. 


One state in the East remains to be 
considered; it is botli an Atlantic state 
and a Oulf state, namely, Florida. Jn 
fact floristieally it is largely *^a law unto 
itself anioTif^ tlie contiguous states. It 
is no wonder that Florida with its 
uniqiK* {i^i^o^raphic position and Jong 
peninsula, flanked on both sides b> va.st 
bodies of warm water, and whose south- 
ern extremity is situated farther south 
than any other part of the continental 
United fStates and continuously bathe<l 
with the tropical waters of tin* Oulf 
Stream, is naturally and preeminently 
the State of Palms. For the .same 
reasons, it is the banner state for the 
epiph^^tic ferns, as \\(*1I as for the flower- 
ing air plants. Within its boundaries 
may be found every palm already men- 
tioned, except the palmetto palm and the 
bayou palmetto, and in addition, ten 
other species. All the species of palms 
within the geographic limits covered by 
this article but two are native. The 
coconut palm was introduced into Flor- 


ida after its advent in the New World 
through the agency of the early Spanish 
expeditioners, either through natural or 
artificial channels, while the date palm 
has beiui introduced through cultivation 
and th(‘ scatt(»ring of .seeds. Of the eiglit 
native genera, one — the needle palm — is 
limited to the .southeastern United 
State's, while .seven others have .species 
growing naturally in the West Indies. 
Curiously enough, none of the .species 
growing naturally in Florida occur in 
tin* continental tropics, except the now 
widely distributed and extensively cul- 
tivated coconut palm. 

The followdng coincid(*nce is intere.st- 
ing: In the ca.se of the flowering air 
plants, whose geographic di.stribution is 
almost identical with that of the palms 
in the eastern United States, all except 
one endemic, species of .southern Texas 
occur in Florida ; likew i.se all the .species 
of palms in the ea.stern TTiiited States 
except one endemic kind in southern 
Texas and also one in Louisiana, occur 
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in Florida ! Furthermore, the palms, 
like the epiphytes, are everfj:reen. 

Two of the species - the needh* palm 
and the blue stem that j>:i‘ow in other 
states occur only in northern Florida 
and in the northern part of tlie penin- 
sula, while the other two — the cabbaj^e 
tree and the saw palimdto — extend 
southward not only to the end of the 
peninsula, but beyond it to the lower 
Florida Keys, as recent exjdoration has 
demonstrated. The endemic siiecies of 
Florida are the scrub palmetto and the 
James’ palmetto. The former occurs 
from the northern part of tin* lake 
rcf^ion to the southern part of the ])en- 
insnla, while the latter ranjres from the 
Ev(*rjjrlade Keys to the southern end of 
the lake ri'^ion. 

The otln‘r eijjrht species that do not 
grow’ naturally north of Florida are con- 
fined to the tropical and adjacent sub- 
tropical parts of the State. They are the 
silk-top thatch, the brittle thatch, and 
the silver, the saw-cabbage, the royal, 
the hog-cabbage, the coconut and the 
dat(* palms. 


The hog-cabbage palm has of late 
years b(*en erroneously reported as ex- 
terminated in Florida. It grows natu- 
ral Ij^ also on the other side of the Gulf 
Stream, both in the liahamas and on the 
Guban K(\vs, and it has rather recently 
be(‘n rediscovered in Santo Domingo. 

Among the other five nativi* species 
the two thatch palms and the silv(*r palm 
grow’ both on the Florida Keys and on 
the nearby mainland, but nearly or quit(* 
within the bounds of the tropical region. 
The saw -cabbage and the royal jialms 
do not grow' naturally on the Florida 
Keys, but oecur in the tropical portion 
of the peninsula and the adjacent sub- 
tropical jiarts south of a lim* b(‘tw'een 
Arch Gre(*k on the Atlantic Coast and 
Cape Itomano mi the Gulf (k)ast. 
^Vheth(‘r tin* geographic di.stribution of 
the royal palm is wholly or only in part 
natural will be discussed further on ; but 
it may be said in passing that it is evi- 
dently native in most places where it is 
now’ found, although in a few localities 
it may have been introduced by the 



SCRUB PALMETTO {SABAL ETOXIA) 

OROWINO IN SAND AND SCATTKRFD OVER THE SANUIULDS OB' TIU: LAKE REOION, FLORIDA. 
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JAMES' PALMETTO (SAhAL JA^fESlr) 

GKOAVINU IN SAM) IN HAMMOCK ON TIIK EVhROLADK KeYS, FI.ORIDA. 


aborigines before the eoming of llie while* 
man. 

The remaining palms to be considered 
grow in a region far distant from that 
already described; they are the* fanleaf 
or de'sert palms of the Pacific slope ^ 
These plants are the only conspicuous 
exception in the parallel of the geo- 
graphic distribution of the palms of the 
Unit(*d States and that of the flowering 
(*piphytes. 

Following is a list of the palms of 
North America north of the West Indies 

3 Apparently only one of these palms is native 
in California. The second known species, TP. ro- 
hiw/a, native in Lower California, is extensnely 
enltivated in southern California and may be 
naturalized there. )>'. filifcra, or perhaps a 
third species, has been discovered in w’esteni 
Vrizona. 


and of Mexico, with indications of their 
geographic distribution and uses: 

CoroNirT Pai.m — Southern Florida — Native of 
Polynesia and the East Indian Aichipelago, 
whence it w'as brought to the western eoast 
of Tro])ical America anrl established perhap*^ 
within half a centuiy after the discovery of 
the New Woild by (luluinbus Now W'ldelv 
naturalized in the tropies Extensively in- 
troduced into southern Florida in the earlier 
pari of the second half of the past century 
(Cultivated in many parts of the tropics for 
its libers, fruits, and oil, and foi ornamont 
BrccANEEH Palm, Hoo-cabbaoe Palm, Sar- 
«ENT PAiiM — Ppper Florida Keys (W. I.). 
Cultivated for ornament. Stems used as food 
for animals. The sap was formerly converted 
into an alcoholic drink. The fruits are used 
for fattening hogs. The bud is edible. 

Koyal Palm — Southern peninsular Florida ; 
perhaps formerly more widely distributed in 
the peninsula (W. I.). Cultivated for orna- 
ment. Tho spathes are employed for packing 
or wrapping various objects. The fruits are 
used for fattening hogs. 
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Date Palm — Soutliern Florida. Introduced 
from Africa and Asia where it has boon cul- 
tivated from prehistoric times. The tree 
fiffurod in symbolism, the fruits furnished a 
staple food, and tlie leaves ecclesiastical para- 
pht*rnaha. It is grown in Florida for orna- 
ment and occasionally for food. 

t’^miAOE Tree, Fahbaok I’almetto, (^AimAGE 
Palm, Tri-k PALMET'ro, Swamp Palmetto - 
North Carolina, South Carolina, Ceorgia, 
Florida (W. I.). (Cultivated for ornament. 
Bud used for food. Deaf fibers \\o\on into 
braid for making hats and rope. Stems us(*d 
for timbers, posts and inlos. The lea\es are 
commonly employed as a thatch 

JwiLS* Palmetto — -Southern jieiiiiisular Flor- 
i<la (Knd(*mic). Occasionally planted for 
ornament The fruits are I'ateu by birds 
and mammals. 

l*ALMETTo Palm, Texan Palmetto, Texas 
Cabbage Tree — Southern Texas (Endemic). 
Pses same as those of Sabal Falmvtio, 

S( III B I’almetto — Peninsular Florida (Kn- 
ileiiiic) Bud used for food. Fruits eahm by 
hogs. 

Bluf Stem, Dwarf Palmetto — North Caro 
lina. South Carolina, Georgia, Arkansas, 
Texas, Louisiana, Mississippi, Alabama, 
Florida (Limited to the TTnited States). Cul- 
tivated for ornament Leaf flber uoven into 
braid for making hats. Leaves are used for 
thatch and arc eaten by cattle Hogs eal 
tlio fruits. 

1* \LMKTTO WITH a fSTEM, BaYOU PaLMETTO — 
Southern Louisiana (Endemic). Occasionally 
]>laiited for ornament. The leaves are used 
for decorations. The fruits are eaten by 
birds and mammals. 

Saw Palmeto) — South Carolina, Georgia, 
Texas (?), Louisiana, Mississippi, Alabama, 
Florida (Limited to the United States). 
Sterns a source of tannic acid; also used for 
making brushes The leaves are projiared 
for decoratiie purposes. Tho fruits are used 
medicinally and for making a popular drink. 
They are much sought after by hogs and 
formerly were a staple food of the abongincs. 
Tho bud is edible. 

Fanleaf 1*alm, Desert Palm, Washington 
Palm — Southern California (Lower Cali- 
fornia). Cultivated in America and Europe 
for ornament. Stem used for limber, con- 
tains also much salt and sugar. Fruits are 
used for food by Indians. 

SiLK'TOP Thatch, Thatch Palm — Southern 
Florida (W. 1.). Cultivated for ornament. 
Leaf fiber woven into braid for making hats 
Stems used in construction. Tho leaves of 
this and the following species of Thtttuu are 
prepared for indoor decorations. 


Brittle Thatch — Southern Florida (W. I.). 
Cultivated for oriiaiiiont. Leaf fiber woven 
into braid for making hats. Stems used for 
construction. 

Shake Palm, Silver-thatch Palm — Southern 
Florida, geographic range increasing (W. I,). 
(Cultivated for ornament. Stems locally used 
for construction. 

Saw l AUHAGE Palm, Spanish Top, Cuban 
J^\LM- -Southern peninsular Florida (W. 1.). 
Cuilnated for ornament. Stems used in con- 
struction. 

Needle Palm, Blue Palmetto — South Caio- 
lina, Georgia, Alabama, Mississippi, Florida 
(Confined to the United States). Sometimes 
ciillivaied for ornament. 

In addition to tin* above cited n^ses, 
the fruits of all our palms an* food for 
various birds and mammals. The heaves, 
too, arc gathered and shipped to distant 
points for symbols in traditional e(*clesi- 
astii‘al (M'reinonies, applicable bolli to the 
living and to the dead, inheritcMl dire(*tly 
or indirectly from ancient pagan peo- 
ples. 

( -onsideriiig tluur relative eonspieu- 
oHsnoss, our native* palms w('re slow in 
.s(‘euring iveogiiition in our botanical 
records. The only palms now growing 
wild in the United States known to Lin- 
naeus were the coconut and the dale 
palms, both, howH*v(*r, introduced plants. 
Two additional on(*s eame to the atten- 
tion of European botanists or Fluropean 
plant colh'ctors as early as the beginning 
of the last (*(*nlury, and, euriou.sly 
(uioiigh, only these four w'ere known to 
botanists as late as tin* seventi(\s of the 
nim*te(*nth century. Even as lat(* as 
1880 a note in the “Botany of (-ahfor- 
nia’’^ states Giat only “four sp(*(‘i(*s of 

♦ “Botany of California.’’ Ed 2 2. ISSG, 
Tho authors of that work were ignorant of any 
of our piiinate-lcavcd palms, for they wrote: 
“The United States genera all belong to the 
group Coiyphniac or Sahalinav, distinguished 
by their fan-shai>ed leaves and perfect flow- 
ers ” The coconut palm had evidently been 
known in southern Florida for many years 
previous. Tho genus Roy'^ionea was definitely 
discovered there about three years previous to 
the publication of the work in (luestion, while 
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WASTITNGTON PALM {W ASIll SGTON I A 
FITJFERA) 

JIIXKNU.E, GROWING IN GRANITIC SOIL IN GROVE 

OK A Thousand Palms nkar Tndio, Cali- 

rORNIA. 

])fjlins wre found on tlie Atlantic coast' ’ 
--of course, nieaninjr the Atlantic sea- 
board. 

Durinjj: llie last decade of tlie nine- 
teenth century, exploration in southern 
Florida hroujrht additional specii^s to 
li^lit, so that now ue know definitely of 
sixteen diffennit kinds of palms ^rowin^ 
without cultivation in the Coastal Plain 
hetw(*en (\ape Ilatteras, in North Caro- 
lina, and th(» mouth of the Rio (irande 
in Texas. The additional palm or the 
seventeenth species is the fanleaf palm 
of California. Althouj^h the Pacific 

the third pinnate-leaved palm, Fscudophocnix, 
was not discovered in Florida until six years 
after its publication. 


slope can claim only one native palm, it 
can boast of the lar^^est — the ^?iant of 
our palms. The royal palm in the East 
may rival the fanleaf palm in the West 
in height, but it lacks the massiveness 
of the trunk. 

The origin of our native palms is an 
interesting problem. On the Atlantic 
side of the continent the genera Pseudo- 
/)hoeuijr, Roystonea, Sahal, Thrinax^ 
(^ocrothnuax, and Paurotis indicate an 
Antillean origin, while on the Pacific 
side Woshtnyfopfo is ivlated to Mexican 
and l^acific forms. The two endemic 
genera, represented by the saw palmetto 
and the needle palm, are espi'cially in- 
ten»sting. The former is related to An- 
tillean types, W'hile the relatives of 
Rhaphidoyhyllum are far off on the 
shores of Asia In structure and habit 
it is unujiie in our flora. It is a repre- 



SAW-CABBAGE PALM (PAUROTIS 
WRIGHT II) 

GROWING IN MARL IN HAMMOCK ALONG CUTH- 

BKRT Lake, Gape Sable region, Florida. 
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sentative of an ancient and apjiarontly 
now largely extinct arrangement of 
plants in which its sometime associates, 
Tumion taxifulium, Taxus flondana, and 
Croomta pamvftora flourished, but wliich 
to-day exist as mere remnants among a 
strange plant association A\itli their 
cIos(*st relatives thousands of miles avay. 

Truly this is a notable repn^sentation 
of an aristocratic family among ])lants. 


primarily tropical, flourishing in a 
region \\ln*re temperate, mild conditions 
prevail. A group of plants whose tim- 
ber, foliage, fruits and sap in themselves 
are sufficient for supplying the necessi- 
ties, shelter, clothing, food and drink for 
a primitive people. Ijikew’ise, the palms, 
if not a n(*c(*ssity to a civilized people, 
fnrnisli many objects of conveui(‘nce and 
d(*ri\fitiv<'s of great utility. 



MODERN YOUTH AND THE RESEARCH SPIRIT 


By Professor J. O. HERTZLER 

UNIVERSITY OP NEBRASKA 


1 

Till: t(*mp() of modern life is breath- 
laking. Kaliddoseopic changes are oe- 
i‘urrin}j:, and misettlin}; developnuMits 
eonfront us ('onliiinally Our material 
civilization is ever eliant^inj?. New social 
needs and ])robleTn.s are evident on 
ev<*rv hand. Ohenshed and long-stand- 
inj*: social, ethical, economic and political 
vi(‘W-points and institutions are bein^ 
criticized and modified or even aban- 
doned. The uorld of arts and the 
spiritual life an* in upheaval. New 
challenges must be faced and new ad- 
justments of all kinds must be made 
continually if the individual is to be a 
reasonably intelligent and successful 
participant in life There is no place 
in this modern world for the person who 
acts only on the basis of instinct, habit 
and routine or rule of thumb. 

Any education ^^orthy of the name, 
therefore, must consist of more than an 
accumulation of standardized facts and 
the acquisition of the contemporary 
culture. We are also beginning to see 
that it should give more than the mas- 
tery of some techniipie, more than mere 
preparation for meeting the conventional 
reqiiir(*ments of life at the moment. 

Education to-day must develop the 
l)o\\(*rs that will give the individual 
facility to use the acquired knowledge 
and t(*chni(pies Hut he must have not 
only faculty and versatility ; he requires 
also the attiiiifles that will enable him 
to get at truth, orient himself to it and 
apply it in tin* future by himself. Edu- 
cation must produce a capacity for in- 
terpretation that will enable him to 
make a workable mental and social ad- 
justment to the trends of a changing 
world. It must awaken in him an in- 


sight and an outlook, and prepare him 
for intellectual pioneering 

Most of the intelligent citizenry and 
apparently many of the educational 
authorities as wtII are unaware of what 
is happening to our present-day students 
in the way of making them mere rou- 
tiners and followers of vocations. The 
contention of this paper is that our col- 
leges and univ(‘rsiti(‘s an* grievously 
failing to meet one of their greatest 
obligations if they do not give the stu- 
dents and, through them, the iiopula- 
tion at large, the research spirit. 

II 

This res(‘arch s[)irit is the method of 
thinking and the attitude of science 
Of first rank importance m it is tin* de- 
sire to know^ The p(‘rson with the re- 
search spirit has a boundless, insatiable 
curiosity, an abiding passion for facts 
and for understanding the relationshiiis 
among them. lie does not knowdngly 
traffic with untruth or half-truth, nor 
wiiat he surmi.ses would destroy truth. 

To mak(* this discovery of truth possi- 
bh» several other attitudes are essential, 
lie sc(‘ks to develop a meticulous })re- 
cision of observation, study, thought and 
statement. To be sure that he is fairly 
facing all sides he is tolerant, impartial 
and devoid of sentimentality. He is 
wdlling to recognize and examine diver- 
g(‘nt claims. Dogmatism is foreign to 
him, and he insists that all that claims 
to be fact or truth demonstrate its 
quality in the forum of life. 

His attitude is alw^ays critical, even 
skeptical. He never thinks that the evi- 
dence is all in. The most important 
witnesses may still be in W'aiting, and 
W’ill continue so till he learns how to call 
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them in. He questions all dogmas and 
theories, all precedents and traditions, 
all solutions and methods until he has 
had opportunity to examine them or in- 
form himself as fully as possible respect- 
ing them. He is somewhat skeptical of 
all authority and permits himself no 
sanctities save truth and reality. He 
is suspicious of strong partisanship, of 
all that smacks of propaganda, all 
strenuously pressed claims and sugar- 
coated ideas. He is critical of all that 
is old, feeling that it may be static or 
archaic, and of all that is new because 
it may be untried or premature. But 
he will accept either old or new if it 
meets the tests. With Paul of Tarsus, 
be would test all things and hold fast 
that which proves to be good. His is 
an implicit willingness to follow free in- 
quiry to an unwelcome conclusion. 

The individual with the research spirit 
is composed when confronted by change, 
however revolutionary it may be; in 
fact, being mindful that evei^hing is 
in a state of continual flux, he antici- 
pates change. He adjusts himself with- 
out panic or fear, for he knows that the 
truth that yet lies hidden will be grad- 
ually revealed and may, as history 
lucidly teaches, overturn many or all 
existing conclusions and methods. 

It is a spirit that, while keeping the 
individual humble before truth, does not 
permit an attitude of resignation, defeat 
or indifference. Neither does it allow 
complacence. Inherent in it is hope of 
solution and confidence in reason. 

Patience is also innate here. Inves- 
tigation is not hurried along to a conclu- 
sion. The best truth available at the 
moment is deliberately sought. But 
when he is sure of his truth the worker 
hesitates not a moment in putting it into 
effect. For truth is no end in itself, in 
his opinion, but a means to fulness of 
life and to social progress. 

There is also inherent in the research 
spirit a discipline which produces facil- 
ity in analysis, interpretation and con- 


clusion. If the individual is without 
bias and has a sufficiency of truth, he 
sees fact follow fact in inexorable se- 
quence to an inerrant and inevi- 
table conclusion. He develops a logical 
method of thought which enables him 
to penetrate confusion, discover untruth 
and lay bare facts which he can then use 
effectively to make an approach to solu- 
tions. The individual learns to think 
clearly, see straight and act with judg- 
ment. 

Finally the research spirit develops in 
the individual new powers of imagina- 
tion and inventiveness. Experience in 
connecting fact with fact and reasoning 
from cause to effect enables him to 
transcend the existing and contempora- 
neous and pass logically in his mind to 
the necessary but non-existent, to the 
next step, even the remote future step. 
The research ideal stretches the mind 
and exalts the spirit as it carries man 
farther on his upward flight. It is the 
creative spirit. 

Thus the research spirit is the philo- 
sophical essence of scientific procedure. 
It is an outlook on life tempered and 
disciplined by the scientific method of 
arriving at facte. It is realistic in its 
approach to problems, yet idealistic and 
even spiritual in its interpretations and 
solutions. The writer’s thesis is that it 
offers an eminently desirable, even in- 
dispensable, philosophy of life for men 
at large, but especially for modem youth 
in this more or less chaotic and disillu- 
sioned age. It is not offered as a cure- 
all, for it is by no means all the young 
people need. It must also be remem- 
bered that not all people engaged in 
research are models of the research 
spirit. Some of the most bigoted and 
mentally insecure persons are scientists 
of competence in their own special field ; 
but their research spirit is applied only 
in that field. To have its fullest signifi- 
cance the individual must utilize it in 
all his thinking. Itself a by-product of 
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this age, it is also one of its important 
remedies. 

The writer is a social scientist and has 
also for twelve years been the teacher, 
friend and father confessor of university 
students. What does he see, as he looks 
out on life, that leads him to think that 
the research spirit should be developed 
as far as possible in students to aid them 
in their life problems? 

Ill 

Ours is an intricate mechanical world 
full of ever-multiplying devices, attach- 
ments and appliances. They are in- 
creasing the nervous tension and occu- 
pational hazards of millions. They 
touch almost every moment and aspect 
of our lives, making them more complex 
and artificial. They have claimed our 
bodies and our time. Shall they also 
claim our souls 1 

This is a shrinking world as well as a 
mechanical one. The recent develop- 
ments in transportation and communi- 
cation have suddenly thrust upon the 
individual a vast and unprecedented 
number and variety of culture elements 
from every corner of the earth. The 
relocation or breakdown of political 
boundaries and of economic and racial 
barriers since the war has also accentu- 
ated and brought to the consciousness of 
the rank and file a whole series of new, 
danger-laden problems. The individual 
must withstand the shock of contact with 
all these new culture elements and prob- 
lems, choose among them, maintain his 
mental, moral and spiritual balance and 
arrive at workable conclusions. 

This is also a world that is filling up. 
The world population has doubled in the 
last century and is now increasing at an 
unprecedented rate. This makes social 
relationships ever more complex and 
impersonal, and anti-social action be- 
comes easier. It imposes new obliga- 
tions upon us as consumers of resources, 
as users of machines and as potential 
progenitors of future generations. It 


causes the division of labor to become 
more extensive and intricate, increasing 
the mutual dependence of individuals, 
classes and nations. Furthermore, as 
numbers increase in a world of limited 
area and diminishing returns, interna- 
tional economic rivalry results and from 
this arises a never-ending series of crises 
that continually threaten and periodi- 
cally disturb the peace of the world. To 
avoid war we need the research spirit 
above all, for not superficial but final 
and fundamental remedies must be 
found that will check it at its source, 
namely, human reproduction. 

In every country modern government 
has become very complex as it has had 
to assume new problems. In America, 
especially, its details have come to be 
so numerous, so involved and so techni- 
cal that the average citizen does not and 
can not know about them. When de- 
cisions must be made he takes refuge in 
his party creed and swallows his party 
catchwords and slogans without com- 
punction, Since he thinks little for 
himself he becomes a fundamentalist in 
politics, using the doctrines of govern- 
ment established by an agricultural and 
stage-coach people, and accepting the 
Constitution in its textual literalness of 
1790 and not in its essential interpreta- 
tions of 1930. He acts on the basis of 
stereotypes or of a public opinion manu- 
factured by propaganda and counter- 
propaganda working upon his tradi- 
tions, prejudices, aversions or his inertia. 
And finally, if he votes at all, he is 
usually one of only about 30 per cent, 
of the citizens entitled to vote. The 
future success of democracy demands 
willing, informed and self-possessed 
citizens, able to penetrate to the bases of 
political action and capable of partici- 
pating independently and intelligently. 

Because of the absence of an effective 
public opinion and sound individual in- 
formation or conviction, and yet being 
confronted in this democracy by a mass 
of problems crying for treatment, we 
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Americans, especially, through our legis- 
lators, have taken the easiest way and 
have resorted to laws as means of coping 
with them. The consequence is that our 
laws arc so numerous that we can know 
almost none of them, we have little 
energy for or interest in enforcing them 
and have developed a growing disrespect 
for all laws. Our very plethora of laws 
has made us lawless. 

Because of these problems growing 
out of the complexity and diversity of 
modern life, the requirements of social 
and rational action are more numerous 
and frequent than ever before. Rela- 
tively, however, the tried and established 
means and materials for coping with 
them are fewer and less suitable than 
ever before. Hence, what is needed 
among the rank and file is a set of atti- 
tudes that make us socially alert, that 
enable us to evaluate social situations 
and recognize anti-social acts. 

IV 

The enormous and continuous growth 
of wealth presents challenges. There 
now is in America the greatest per capita 
wealth the world has ever known. But 
we have so mismanaged as to give un- 
precedented luxury to a few; we have 
intensified the struggle for a living, in- 
creased our waste and produced a seri- 
ous unrest. 

We have erred in another way. Eco- 
nomic goods have become ends in them- 
selves. Modern business has engaged in 
ubiquitous advertising, the essence of 
whose appeal is that you can not be in- 
telligent or progressive unless you pur- 
chase every new product on the market 
and display it. Its maxim seems to be, 
‘‘Set your hearts on the things of this 
world. This has made a kind of uni- 
versal prodigality obligatory among all 
classes. Spiritual values, true culture, 
appreciation of real beauty, service of 
the good, true and abiding cede to the 
tawdry display of dollar values. 


Our machines have given us more 
leisure than men have ever had before, 
and yet we apparently have never had 
hiss real leisure. Somewhere we have 
slipped. The machines that have given 
us free time enable us — almost force us 
by suggestions, pressures and abnormal 
mental or physical states — to misuse it. 
Instead of becoming gods, as science 
anticipated when it developed these ma- 
chines and this control, we are becoming 
slaves. 

The research spirit, with the use of 
historical fact, demonstrates that the 
dominance of material pursuits even- 
tually devitalizes a society, brutalizes 
the people and leads to cultural and 
spiritual death. We have to keep our 
balance, establish criteria and get back 
to fundamentals. The spirit of research 
alone will enable us to distinguish the 
abiding, the socially and culturally 
sound from the opulent, the standard- 
ized, advertised and futile. 

Not only do we live among standard- 
ized things, but our minds are subjected 
to standardized stimuli from radio 
hookups, newspapers and movies. In 
addition we have huge national and in- 
ternational organizations such as Ki- 
wanis. Rotary, Lions and Optimists that 
give us far-reaching, standardized inter- 
pretations for the middle classes. We 
are standardized in our selling, buying 
and consuming, in our vices and virtues, 
or joys and sorrows, in leisure and work- 
ing, politics and religion. We are be- 
coming chain-store articles in almost 
every respect. What is worse, these 
standard izing agencies develop in us 
common feelings, prejudices and fe- 
tishes, and then, operating simultane- 
ously among us as they do in our present 
state of concentrated populations, fre- 
quent distractions and lack of privacy 
and quiet, very easily produce crowd- 
mindedness among us. We are in dan- 
ger of becoming marionettes with the 
strings pulled by syndicating journal- 
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ists, advertisers, professional nplifters, 
political spellbinders, evangelists or any 
one else -who can gain the questionable 
reputation of being an “authority’’ or 
the leader of the temporary cult of “the 
thing.” And, of course, as never before, 
the spinners of intellectual spider webs 
have their way and work their will upon 
us. 

Especially sinister, in view of the situ- 
ation just depicted, is the appalling 
apathy of a large number of our Amer- 
ican youth, as well as many older peo- 
ple, in the realm of ideas and ideals. 
They want to avoid being thought of as 
“highbrow.” They do not seem to be 
greatly interested in social or public 
questions, social reform or progress. So 
many of them swallow or at least accept 
what is taught them or what comes to 
them through all those other agencies 
with despair-provoking readiness. They 
are willing, nay eager, to conform to a 
typo in the making of which they have 
done nothing. Many of them actually 
seem to approve of intellectual medioc- 
rity, credulity and slavish acceptance, 
and avoid criticizing or holding opinions. 

On the other hand, paradoxical as it 
may seem, the charge that our young 
people are in revolt can also be sus- 
tained. The younger generation in 
many cases are thoroughgoing critics of 
almost all conduct codes, customs, con- 
ventions and many of our social insti- 
tutions. Most of these they look upon 
as time-worn and largely worthless en- 
cystments. They take joy in seeing idols 
smashed and eagerly participate in the 
process. Above all they want to avoid 
any appearance of softness or sentimen- 
tality in themselves. They want free- 
dom from restraints imposed by earlier 
generations; they feel the urge to try 
themselves out in new social situations 
and strange environments ; they yearn to 
taste the full flavor of their own freely 
expressed personalities. Along various 
lines they want a world of less protec- 
tion and security, more adventure, more 


spontaneity, and they do most certainly 
go their own independent way in get- 
ting it. 

V 

Similarly as a reaction to the long- 
suppressed disgust with the fool’s para- 
dise of the war when everything was 
propagandized, and unpleasant or ugly 
facts were either ignored, denied or 
“ dressed-up, ” we have had and are 
still having an epidemic of “realism” 
and “debunking.” Some of our insti- 
tutions, especially marriage and the 
church, are being challenged; the bour- 
geoisie have been classified and described 
in detail ; business and advertising, 
Main Street and Park Avenue are being 
debunked; in fact, there are few sacred 
precincts. History has been divested of 
most of its misguided patriotic twaddle, 
and many of our great historical per- 
sonages have been demonstrated to have 
had so much that was weak, petty and 
unscrupulous in their characters that, 
suspended between the old interpreta- 
tion and the new, we are not sure 
whether our so-called great were saints 
or devils. Much of this dispelling of un- 
truth and illusion is necessary, but there 
are objectionable extremes that must 
be considered. The sex novels, the 
“tough” plays, risque movies and “true 
story” literature, under the guise of 
realism and with the aid of abnormal 
psychologies, have given us unbridled 
license, and a sickening parade of the 
pathological, the bizarre, the shocking 
and the unbalanced. 

Ileal realism is most necessary. One 
can conceive of nothing worse than a 
world of well-varnished untruths and 
sticky sentimentalities inhabited by Pol- 
lyannas. Most of us take great joy in 
the exposure of some wilful misconcep- 
tion or sanctified absurdity. Moreover, 
a prudish passing by of a bad mess is 
both cowardly and silly. The veil needs 
to be lifted, secret evils should be ac- 
knowledged and the unlovely realities of 
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life faced. But instead of a crusade to 
expose sham our realism*' in so many 
oases has become ^‘the cult of the seamy 
side/* An honest, sincere, realistic fac- 
ing of social facts also points to the nor- 
mal, the wholesome, the sound — even 
the hopes, the ideals and the spiritual 
aspects of life — as being equally valid 
parts of the true picture. Why make 
life and sewers synonymous? It is es- 
sential to see this distinction between 
realism and the cult of the malodorous 
and abnormal. 

Now no one wants to go back to the 
musty artificial confines of the Victorian 
world. At the same time one can not be 
in a perpetual quagmire of uncertainty 
or skepticism. Here the research spirit 
has a peculiar appeal as a dominant in- 
tellectual principle. It is realistic in the 
true sense of the word, for it points to 
certain inescapable laws and ultimate 
values that even a lawless and skeptical 
age learns that it must respect. 

VI 

Sinister also is the vast stock of nos- 
trums and cure-alls which are offered 
us for every ill, personal or social, real 
or imaginary. These are similar to the 
All-healing Snake Oil ballyhooed by 
itinerant medicine venders from the back 
seats of surreys in Ohio towns when the 
writer was a boy. This great ^‘nature's 
remedy" would cure everything from 
bunions to cancer. To-day religious ills 
may be promptly cured by any one of a 
dozen new cults. Amends may be made 
for our neglected health if we confine 
ourselves to foods with a given vitamin 
or take some other highly recommended 
pabulum. There are a dozen near- 
psychologies that will extricate us from 
a variety of troublesome neuroses and 
naughty complexes. A whole collection 
of panaceas is continually available to 
solve our social, political and economic 
problems, especially the major ones, such 
as crime, poverty and war. For the ills 


of nations we have offered sovietism, 
communism, fascism. Our forgetfulness 
can be corrected by a half dozen different 
memory courses, which, if carefully fol- 
lowed, will enable us to remember the 
names, addresses, telephone numbers, 
occupations, businesses, church member- 
ships, lodges and luncheon clubs of ten 
thousand people (Selah). We are likely 
to grow as wise as Solomon or as cultured 
as Aristotle by purchasing two dollars' 
worth of pamphletized books or the fa- 
mous five-foot shelf. (How the good Dr. 
Eliot would turn in his grave and groan 
if he knew what a cure-all had been made 
of his collection!) Some of these have 
a modicum of truth about them; others 
are patent inanities and insanities 
against which all should be insulated. 
Needless to say, intelligent people need 
to make their way among them and be 
able to evaluate them. Here again the 
research spirit is an ever-present and 
indispensable help. 

VII 

The changes in science itself, and the 
uses as well as the misuses of science, 
necessitate the research spirit if the citi- 
zen is to evaluate these changes properly 
and make the requisite adaptations. 
Our students, in the future, either as 
scientists or intelligent laymen, must be 
ever open-minded, flexible and eager for 
the best truth and the best new conclu- 
sions. The revolutions in thought pre- 
cipitated by science, such as those con- 
nected with the names of Copernicus, 
Galileo, Newton, Harvey and Darwin, 
have just begun. We must be prepared 
to meet new facts in every field of scien- 
tific endeavor. 

Furthermore, science is becoming so 
specialized and the amount of scientific 
knowledge so vast that the average citi- 
zen can not possibly know it all nor can 
he always utilize what he docs know in 
his own life. Therefore each of us must 
become his own general scientist to some 
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extent. This is unthinkable without 
the research spirit. 

Certain precautions must be observed 
in the utilization of science that can only 
be dictated by the research spirit. The 
second-rate scientists, and especially the 
popularizers, promise anything, and lead 
large numbers of people, now easily con- 
ditioned to any reputed scientific find- 
ings, to accept almost everything un- 
critically. Thus mere scientific assump- 
tions become dogma for many, and a 
new bigotry appears comparable to any 
other in its power of resistance to truth. 
Men still need to think. 

Science gives us prodigious power. 
IIow it is used depends upon the stand- 
ards and perspective of the individual 
and the traditions and ideals of the 
group. The same scientific training 
equips men for the discovery of an an- 
esthetic as of some poison gas, the pro- 
duction of the most deadly explosives as 
of the most effective soil fertilizers. The 
radio is an instrument that may con- 
found and exploit us, or it may give us 
the sublimest creations of man and en- 
noble us. There is much truth in 
Thoreau’s statement, “Our inventions 
are improved means to an unimproved 
end.” We are, from many points of 
view, acquiring control of stupendous 
forces faster than we are developing the 
abilities to control ourselves. We are 
threatened with barbarism. Science can 
destroy our civilization; on the other 
hand, it is capable of converting the 
world into Utopia. Never before have 
men generally so needed real scientific 
background, mental poise, social per- 
spective, moral balance and courage and 
the ability to evaluate and foresee. 
Never before have they so needed the re- 
search spirit. 

Many of these college youth will enter 
professions or specialized technical call- 
ings. These too are changing continu- 
ally. Research in chemistry, physiology, 
bacteriology and surgery is causing 
medical science to be in process of con- 


tinual change, and the successful doctor 
must be able to incorporate these new 
findings and techniques into his own 
practice if he is properly to fulfil his 
function. The discovery of new ma- 
terials, new data and new processes is 
forcing architecture and engineering to 
change. New methods and techniques 
and changing subject-matter are forcing 
the members of the teaching profession 
to refurnish themselves everlastingly. 
The changes in religion and the changing 
conception of the function of the church 
are forcing the clergy to readapt them- 
selves. Every department of industry 
and business is changing in various 
ways. The individual member of the 
profession or calling must be alert, flexi- 
ble in his attitudes, eager for the new 
truth and method, and he must have the 
inventiveness and ingenuity to put it 
into practice. 

VIII 

Finally there is great confusion to-day 
regarding the rightness and wrongness 
of individual acts. The present college 
generation especially has a difficult prob- 
lem on its hands. It is seeking system 
and validity for its conduct. The rea- 
sons for the confusion are numerous. 
There is so much dishonest but tem- 
porarily successful behavior. So many 
of the “best” people are hypocrites; so 
much business is exploitation; so many 
statesmen vote dry and drink wet; so 
much patriotism turns out to be a dis- 
tortion, and the sacred rights of prop- 
perty are invariably placed before the 
sacred rights of man. It is no wonder 
that the prevailing ethical maxim should 
be, “It’s all right if you can get away 
with it.” 

At the same time science has taken 
away the supernatural bases of our 
morality. It demonstrates, for example, 
that any given ethical code is only one 
of a number practiced and maintained 
with equal success, and that two given 
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codes may be diametrically opposed in 
important aspects. Public opinion, an- 
other element in giving ethical codes 
fixity and sanction, has almost disap- 
peared as far as pi’ivate behavior is 
concerned. When it does operate it is 
weak and confused. 

Finally, the social situations over 
which ethics presides as regulator are 
changing continually and along funda- 
mental lines. Old rules become inade- 
quate and ethical elements must con- 
tinually be scrapped lest they become an 
incubus. 


And yet we do have to live together 
and we must have order. Both present 
and future generations must make a 
most rapid, far-reaching and consciously 
intelligent orientation of ethical ideas to 
a continually altering social structure. 
We must be willing to make a careful 
examination of facts and requirements 
with respect to social relationships. We 
need the knowledge, imagination and 
logic to see and foresee social effects. 
We must be sane and calm and refuse to 
come to any but justifiable conclusions. 
We must have the research spirit. 


IDEAS OF ORIGIN AMONG THE ANCIENT 
EGYPTIANS AND BABYLONIANS 

By GEORGE J. DUDYCHA 

BIPON COLLEGE 


It has almost become traditional, 
when dealing with any phase of thought, 
to begin with a consideration of Greek 
ideas. The history of psychology begins 
with Plato ; biologists refer to Aristotle, 
and sociologists to Plato’s ‘‘Republic”; 
the history of Western philosophy al- 
most invariably begins with Thales. Al- 
though we may readily admit that the 
Greeks are our progenitors in thought — 
our philosophical forefathers — we too 
often fail to recognize the thought which 
antedated that of the Greeks. We turn 
to Thales as though he were the Adam 
of all thought and neglect the equally 
profound ideas of the more ancient peo- 
ples of Egypt, India, China and Baby- 
lonia. 

Osborn,^ Fasten,* the present writer* 
and others all have begun with the 
Greek, Thales, in their accounts of the 
history of the idea of development. Per- 

' Osborn, ' * From the Greeks to Darwin, ' ' 
Scribners, New York, 1929. 

> Fasten, ‘'Origin through Evolution," 
Knopf, New York, 1029. 

< Dudyeha, “What is Evolution!" Scien- 
Tino Monthly, 29; 317-332, October, 1929. 


haps this has led to the misconception 
that we are unable to trace ideas of 
origin any farther back than the sixth 
century B.C., and that the Greeks were 
the first to speculate concerning the be- 
ginning of things. If the thoughtful 
reader will reflect a moment, he will 
probably realize that our customary 
starting-point — Greek thought — is more 
convenient than logical, and hence he 
will be anxious to inquire concerning 
the ideas found in more ancient sources. 
Although the Greeks made contributions 
to philosophy of inestimable value, we 
do not know to what extent their ideas 
were influenced by those of more ancient 
peoples. Hence let us take another step 
into the remote past, beyond the thought 
of the Greeks, and see what ideas of 
origin we can find among the ancient 
Egyptians and Babylonians. 

When we turn to the ancient sources 
of the Egyptian and Babylonian ideas 
concerning the origin of things we en- 
counter many difficulties. In the first 
place, the ideas can not be ascribed to 
particular thinkers, as in the case of the 
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Greeks, for the tablets and papyri are in 
many cases unsigned, and if they are 
signed, the signature is not that of the 
author of the ideas but of the copyist or 
of the priest who authorized the copy- 
ing. Also the sources are for the most 
part fragmentary and thus complete ac- 
counts of the ideas of origin are impos- 
sible. Since the texts available to schol- 
ars are in many cases coirupt because of 
the numerous times they have been copied 
by careless scribes, it is extremely dif- 
ficult to interpret certain passages and 
to ascertain the original ideas. Some of 
the ancient legends date back to the sec- 
ond, third and possibly fourth millen- 
nium B.C. Since they had been per- 
petuated orally through innumerable 
generations before being recorded, they 
were developed into a number of ver- 
sions, which makes interpretation very 
difficult. In some cases the scribes them- 
selves did not understand the texts 
which they copied and hence modified 
them to suit their own fancies by omit- 
ting some ideas, by adding others or by 
combining a number of legends or frag- 
ments of legends to form a more or less 
incoherent story. Fortunately, in spite 
of these diflSculties, tablets and papyri 
have been unearthed which bear well- 
preserved records of ancient ideas of 
origin which apparently date back to 
the early dynasties of Egypt and to the 
ancient Sumerians who preceded the 
Semites in Babylonia. It is to these 
primeval records that we shall now turn 
for a knowledge of the early Egyptian 
and Babylonian ideas of origin. 

In the British Museum may be found 
the remarkable ‘‘Legend of the Cre- 
ation,’’ a well- written papyrus acquired 
by A. H. Bhind in 1861 or 1862. This 
papyrus, which was discovered in the 
famous hiding-place of the royal mum- 
mies at Der-al-Bahari, bears the date, 
the “first day of the fourth month of 
the twelfth year of Pharoah Alexander, 
the son of Alexander,” or 311 B.C. We 


must bear in mind, however, that this 
Nes-Menu papyrus is not the first ac- 
count of the legend but a copy, and that 
scholars feel quite certain that the 
legend itself dates back to several mil- 
lennia B.C. Thus the discovery of this 
papyrus was a particularly fortunate 
one, for we now have a source which 
bears ideas of origin which antedate 
those of the Greeks. Dr. Budge in his 
first volume of “Egyptian Literature”^ 
gives us the legend of the creation in 
hieroglyphic type and also a page-for- 
page translation. This Nes-Menu 
papyrus bears two accounts of the cre- 
ation which are alike except for some 
details and for a few additions to the 
second account which were apparently 
made by the copyist. The first account 
of the history of creation is as follows: 

Thk Book of Knowing the Evolutions or 
Ea, and of Overthbowinq Apbp 

[These are] the words which the god Neb- 
er-tcher spake after he had come into being: 

am he who came into being in the form of 
the god Khepera, and I am the creator of tbst 
which came into being, that is to say, I am the 
creator of everything which came into being; 
now the things which I created, and whi^ 
came forth out of my mouth after that I had 
come into being myself were exceedingly many. 
The sky [or heaven] had not come into being, 
the earth did not exist, and the children of the 
earth and the creeping things had not been 
made at that time. I myself raised them np 
from out of Nu, from a state of helpless inert- 
ness. 1 found no place whereon I could stand. 
I worked a charm upon my own heart [or willji 
I laid the foundation [of things] by Ma&t, and 
I made everything which had form. I was 
[then] one by myself, for I had not emitted 
from myself the god 8hu, and I had not spit 
out from myself the goddess Tef nut ; and there 
existed no other who could work with me. I 
laid the foundations [of things] in my own 
heart, and there came into being multitudes of 
created things, which came into being from the 
created things which were born from the cre- 
ated things which arose from what they brought 
forth. I had union with my closed hand, and 

^ Budge, * ' Egyptian Literature, ’ ' VoL I. 

Legends of the Gods,” London: Kegan Paul, 
Trench, Trubner and Co. Ltd., 1912. 
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I embraced niv shadow as a wife, and I poured 
seed into my c wn mouth, and I qpnt forth from 
myself issue in the form of the gods Shu and 
Tefnut. Saith my father Nu; My Bye was 
oovered up behind them [i.e., Shu and Tefnut], 
but after two hen periods had passed from the 
time when they departed from me, from being 
one god 1 became three gods, and I came into 
being in the earth. Then Shu and Tefnut re- 
joiced from out of the inert watery mass 
wherein they were, and they brought to mo my 
Eye the Sun]. Now after these things I 
gathered together my members, and I wept 
over them, and men and women sprang into 
being from the tears which came forth from 
my Eye. And when my Eye came to me, and 
found that I had made another [Eye] in place 
where it was [i.e., the Moon], it was wroth with 
[or raged at] me, whereupon I endowed it 
[t.e., the second Eye] with [some of] the splen- 
dor which I had made for the first [Eye], and 
I made it to occupy its place in my Face, and 
henceforth it ruled throughout all this earth. 
When there fell on them their moment through 
plant-like clouds, I restored what had been 
taken away from them, and I appeared from 
out of the plant-like clouds. I created creep- 
ing things of every kind, and every thing which 
came into being from them. Shu and Tefnut 
brought forth fSeb and] Nut; and Seb and 
Nut brought forth Osiris and Ueru-khent-an- 
maati and Sot and Isis and Nephthys at one 
birth, one after the other, and they produced 
their multitudinous offspring in this earth. 

We are not told in this account of the 
creation where and how Neb-er-tcher 
came into being; but, as Budge says, ^'It 
seems as if he was believed to have been 
an almighty and invisible power which 
filled all space.’’ This immediately sug- 
gests Anaximander’s idea of “the 
boundless” as the source of all things. 
Although the Egyptians labeled tnis 
source-of-all-things and called it a god, 
their fundamental idea, that there is an 
indefinable boundless something from 
which all things issue, is certainly much 
like that of Anaximander. Another 
idea which we find expressed here and 
which was emphasized by the early 
Greeks is that of the unity of the primal 
principle. Neb-er-tcher, who took on the 
form of Khepera, the creator god of the 

» Budge, ^‘Legend# of the Gods,’' Vol. I, 
pp. 3-7. 


Egyptians, was the sole primal source of 
all creation. 

The next significant idea we find em- 
bodied in the statement, “I myself 
raised them up from out of Nu, from a 
state of helpless inertness.” Nu, some- 
times referred to as Nun, was the great 
watery abyss, the primal watery mass 
which was the source and origin of all 
things organic and inorganic. “The 
most wide-spread of all,” says Stein- 
dorff, “was a belief which perhaps pro- 
ceded from the priestly college of Heli- 
opolis. According to this there was in 
the beginning a great primordial body 
of water called Nun, which contained 
all male and female germs of life. Out 
of it came the sun, the Re, as it is called 
in Egyptian. In this water, too, lay 
the earth-god Geb and the heavenly god- 
dess, Nut, locked in a close embrace, un- 
til the god of the air. Show, parted them 
from one another and carried the god- 
dess of heaven in his arms into the up- 
per regions.”® This concept of Nu, the 
great abyss, symbolized by the ocean, a 
representative of which was the gentle 
Nile, is a most interesting concept which 
contains two fundamental ideas. First 
the idea of water as the primeval sub- 
stance. This idea we encounter among 
the Greeks. Thales, the Ionian, named 
water as that from which all things 
come, and Aristotle iterated the idea 
with reference to all life. Also we note 
that in Nu all things were in “a state of 
helpless inertness” from which they 
were freed by becoming actual. Of 
course, we must beware of too free spec- 
ulation concerning the ideas of the 
ancient Egyptians, but we can not avoid 
a reference to Augustine in this connec- 
tion. For Augustine all things were 
potential in an original germ or seed 
from which all things came. It is this 
potentiality of forms in the primordial 

« Stoindorff , * * The Religion of the Ancient 
” P* 36, G. P. Putnam’s Sons, New 
York, 1905. 
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mass which seems to be common to both 
concepts. 

In a cosmogonic fragment from the 
“Book of the Dead,” we find another 
reference to Nu. 

Furthermoro I shall ruin all that I have made. 
This earth will appear [f] as an abyss, 

In [or as] a flood as in its primeval condition. 
1 am the one remaining from it together with 
Osiris. 

My forming is [then] made to me among other 
[f] serpents 
Which men never knew, 

Which the gods never saw.^ 

Hero another aspect of Nu is empha- 
sized. Not only is Nu the source of all 
things, but the end as well — that from 
which all things come and that to which 
all things return. Here, again, is 
Anaximander’s idea. 

Again we read in our text, ‘‘I laid 
the foundation [of things] by Maat.” 
The goddess Maat, who assisted Khepera 
in the process of creation, is usually re- 
garded as the goddess of law, order and 
truth. Budge is inclined to believe that 
in this particular instance she plays the 
part of Wisdom. Thus, in the thought 
of the Egyptians, we again find a con- 
cept which has been fundamental to all 
concepts of origin and development, 
namely, the concept of law and order. 

The first products of creation, the 
legend tells us, were Shu, the god of air 
and dryness; Tefnut, the goddess of 
liquids or the waters above the heavens ; 
Keb, the earth-god, and Nut, the sky- 
goddess. Thus first air and clouds ap- 
peared which separated the heavens 
from the earth. Later the legend speaks 
of Neb-er-tcher’s or Khepera ’s eye or 
the sun as having some calamity which 
extinguished its light. ‘‘This calam- 
ity,” Budge says, “may have been sim- 
ply the coming of night, or eclipses, or 
storms; but in any case the god made a 
second Eye, i,e,, the Moon, to which he 

^Gray (Editor), ‘‘The Mythology of all 
Baces,” Vol. XII, Muller, “ Egyptian, p. 72, 
Marshall Jones Company, Boston, 1918. 


gave some of the splendour of the other 
Eye, ie,, the Sun, and he gave it a place 
in his face, and henceforth it ruled 
throughout the earth, and had special 
powers in respect of the production of 
trees, plants, vegetables, herbs, etc.”^ 
The latter part of the legend is some- 
what confusing, especially with regard 
to the creation of man, with which we 
shall deal presently. 

In the Trismegistic “Tractates” the 
tradition and wisdom of ancient Egypt 
has come down to us in a slightly modi-^ 
fied Alexandrian form. Although this 
source has been assigned to the fifth or 
possibly sixth century B.C., the ideas 
“go back in an unbroken tradition of 
type and form and context to the 
earliest Ptolemaic times.” Most of this 
Hermetic or Trismegistic literature has 
been destroyed, but among that which 
has not perished we find “The Vision of 
Hermes,”® under the name of Poiman- 
dres, which is in the beginning of the 
books of Hermes Trismegistus. “The 
Vision of Hermes” is the revelation of 
the origin of things by Osiris who in 
later Egyptian thought became associ- 
ated with Nu, the primal mass. Hermes’ 
first request of Osiris was ‘ ‘ to behold the 
source of beings.” Immediately he 
found himself in a chaos filled with 
smoke. Then a voice, the cry of light, 
rose from the great abyss and a flame 
darted to the ethereal heights. Hermes 
ascended with the flame and observed 
order appear, and that the voice of light 
filled infinity. Hermes did not under- 
stand the meaning of all he saw and 
hence Osiris explains : 

Thou wilt now learn. Thou hast just seen 
what exists from all eternity. The light thou 
didst first see is the divine intelligence which 
contains all things in potentidliiy,^^ enclosing 
the models of all beings. The darkness in 

8 Budge, loc. cit, p. xxi. 

9 Hermes was the name given by the Greeks 
to the Egyptian god Thoth or Tehuti, the god 
of wisdom, learning and literature. 

10 Italics are mine. 
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which thou afterwards plunged is the material 
world on which the men of earth live. But the 
fire thou didst behold shooting forth from the 
depths^ is the divine Word.n 

But Hermes desired more knowledge. 
‘‘Since things are so/' said Hermes, 
“grant that I may see the light of the 
world; the path of souls from wliich 
man comes and to which he returns." 
Thus Hermes found himself in the cen- 
ter of the seven spheres which stretched 
above him, tier upon tier, like seven 
transparent concentric globes. Again 
the great Osiris speaks : 

“Look, listen, and understand. Thou secst 
the seven spheres of all life. Through them is 
accomplished the fall and ascent of souls. Tho 
seven genii are the seven rays of tho world- 
light. Each of them commands one sphere of 
the spirit, one phase of the life of souls. . . . 

“Dost thou se€,“ said Osiris, “a luminous 
seed fall from the regions of the milky way 
into tho seventh sphere f These are germs of 
souls. They live like faint vapors in tho re- 
gion of Saturn, gay and free from care, know- 
ing not their own happiness. On falling from 
sphere to sphere, however, they put on increas- 
ingly heavier envelopes. In each incarnation 
they acquire a new corporeal sense, in harmony 
with the surroundings in which they are living. 
Their vital energy increases, but in proportion 
as they enter into denser bodies they lose tho 
memory of their celestial origin. Thus is 
effected the fall of souls which come from tho 
divine ether. Ever more and more captivated 
by matter and intoxicated by life, they fling 
themselves like a rain of Are, with quiverings 
of voluptuous delight, through the regions of 
grief, love, and death, right into their earthly 
prison where thou thyself lamentest, hold down 
by the fiery center of the earth, and an empty 
dream. . . . Do you see this swarm of souls 
trying to mount once more to the lunar re- 
gions? Some are beaten back to earth like 
eddies of birds beneath tho might of the 
tempest. The rest with mighty wings reach 
the upper sphere, which draws them with it as 
it rotates. Once they have come to this sphere, 
they recover their vision of divine things. This 
time, however, they are not content to reflect 
them in the dream of a powerless happiness; 
they become impregnated thereby with the 
lucidity of a grief -enlightened consciousness. 

Brown, “Tho Wisdom of the Egyptians," 
p. 264, Brentano’s, New York, 1923. 


the energy of a will acquired through struggle 
and strife. They becorao luminous, for they 
possess the divine in themselves and radiate it 
in their acts."i2 

In “The Vision of Hermes" there are 
at least two thoughts which we must 
note, first, the potentiality of all things 
in divine intelligence, and second, the 
descent of the souls through seven 
stages. Here we note, then, an evolu- 
tionary — unfolding — process, and an 
epigenetic — building-up — process. The 
two processes, however, are not incom- 
patible, for the souls, although passing 
through an epigenetic process towards 
materiality, are the unfoldment of that 
which is in divine intelligence. “One 
only soul, the great soul of the All, by 
dividing itself out, has given birth to 
all the souls that struggle throughout 
the universe." Thus, here again, we 
have the ideas of unity of origin and 
process of development expressed. 

The descent of the souls, told in “The 
Vision of Hermes," is one account of 
the creation of man. In the “Legend of 
the Creation" we found two other and 
somewhat incompatible ideas of the 
origin of man. The first was that Neb- 
er-tcher wept, “and men and women 
sprang into being from the tears which 
came forth from my eye." In the other 
version, the gods gave birth and “pro- 
duced their multitudinous offspring in 
this earth." According to the second 
notion, men are mortal gods. This lack 
of harmony which we find with regard 
to tho origin of man is probably due to 
the fact that these conflicting legends 
appealed to the scribes who desired to 
perpetuate them in spite of their lack of 
unity. Then again, it has been observed 
that the very lack of unity in the 
“Legend of the Creation" made it a 
more potent charm against A pep and his 
fiends. 

Now that we ha# an idea of the 
Egyptian notions of origin, let us turn 
Brown, the, cit,, pp. 266, 267-8, 269. 
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to the ancient Sumerians and the Se- 
mitic Babylonians who succeeded them. 
At Nippur, tablets, inscribed at the close 
of the third millennium B.C., have been 
found which bear Sumerian and Semitic 
accounts of creation. Although the 
available text was inscribed before 2100 
B.C., the original composition dates 
back to a much earlier time, and thus 
we are again able to examine ancient 
ideas of origin. 

It is interesting to note that the an- 
cient Sumerians, as the Egyptians, He- 
brews and Greeks, assumed that water is 
the source of all things. King renders a 
fragment of a poem which deals with 
creation as follows: 

When the height heaven was not named, 

And the earth beneath did not bear a name, 
And the primaeval Apsd who begat them, is 
And Mummu, and Tiamat who bore themi* 
all-— 

Their waters were mingled together. 


Then were created the gods in the midst of 
[their waters], 

Lakhmu and Lakhamu were called into 
being. . . .1^ 

He goes on to say that the text gives 
two actual causes of creation, the one an 
impersonal cause and the other the ac- 
tion of a god. In the following extract 
we note that before creation all the 
world was a sea. Here, however, the 
primeval water is not personified and 
hence the impersonal source of all 
things. 

No city had been created, no creature had been 
made, 

Nippur had not been created, Ekur had not 
been built, 

Erech had not been created, Eanna had not 
been built, 

Apsd had not been created, Eridu had not been 
built. 

Of the holy houvso, the house of the gods, the 
habitation had not been created. 

All lands were sea. 

18 i.e.y the gods. 

1* King, Legends of Babylon and Egypt in 
Belation to Hebrew Tradition, p. 122, Lon- 
don, 1918. 


At the time when a channel [was formed] in 
the midst of the sea. 

Then was Eridu created, Esagila was built, 
etc.i8 

A different picture of beginnings is 
given in another Sumerian myth which 
was discovered on a tablet from Nippur. 
Although in this myth water is consid- 
ered as the source of all life, the exis- 
tence of land is presupposed — land 
which is bare and desolate. King says : 
‘‘The underlying idea is suggestive of a 
period when some progress in systematic 
irrigation had already been made, and 
the filling of the dry canals and subse- 
quent irrigation of the parched ground 
by the rising flood of Enki was not 
dreaded but eagerly desired.’’^® Here 
we have an analogy. As water revives 
vegetation, so water must have been 
essential or the cause of the first appear- 
ance of life. 

As the Egyptians regarded the Nile 
as a representative of Nu, so the Baby- 
lonians attributed creative powers to the 
Euphrates. This is indicated by the fol- 
lowing lines from a Semitic incantation : 

O tbou Elver, who didst create all things. 
When the great gods dug thee out, 

They set prosperity upon thy banks. 

Within thee Ea, King of the Deep, created his 
dwelling. 

The Flood they sent not before thou wertli^ 

Yet another idea is to be noted in the 
Semitic-Babylonian version of the cre- 
ation of the world. Creation for the 
Semites was the result of a conflict in 
which order emerged out of chaos be- 
cause of the personal triumph of the 
creator. This dualism does not seem to 
be present in the more primitive Su- 
merian ideas. This idea of conflict we 
have encountered before. Empedocles 
posited two world forces, love and hate, 
which were in conflict, and the triumph 
of love over hate was the cause of or- 
ganic evolution. 

18 King, loc, cit, p. 124. 

18 King, loc. oit,, p. 1 25. 

IT King, loc, cit., p. 128. 
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Since we have examined in detail the 
ideas of origin found among the ancient 
Egyptians and Babylonians, lot us now 
briefly survey the main ideas which we 
found. Although the references to the 
creation are by no means numerous in 
Egyptian literature, because the Egyp- 
tians’ interest, which almost amounted 
to an obsession, was in a future life 
rather than in the past, we fortunately 
have the invaluable Nes-Menu papjTus — 
the ‘‘Legend of the Creation.” In spite 
of the fact that this ancient legend was 
appropriated to Egyptian theology by 
the priests, we have found in it funda- 
mental ideas which are common to 
other cosmogonic views. Especially did 
we note striking likenesses to Greek 
thought. 

Neb-er-tcher, the invisible power 
which filled all space and which was the 
primal source of all creation, suggests at 
once “the boundless” of Anaximander 
and the monisms urged by a whole host 
of thinkers. Nu, the great watery abyss, 
again sUggests the Greeks who early per- 
ceived how indispensable is water to 
life. But Nu has a further significance : 
in it all things are potential and to it 
all things return. These ideas were ex- 
pressed by Augustine and by Anaxi- 


mander. As in Western thought, law 
and order played a part in the Egyp- 
tian idea of creation. In “The Vision 
of Hermes,” we noted a number of sig- 
nificant ideas: the cry of light was sym- 
bolized as a flame — ^the primacy of fire; 
the potentiality of all things in divine 
intelligence ; the definite epigenetic proc- 
ess through which the souls pass on their 
way towards materiality. 

When we turned to the Sumites and 
Semites we found that they too recog- 
nized water as the primal source of all 
creation. In the Sumitc cosmogonic 
idea, the sea is an impersonal force not 
personified as by the Egyptians. The 
idea of conflict and subsequent triumph 
of the creator, which reminds us of 
Empedocles, is an idea not found among 
the Sumerians but apparently origi- 
nated by the Semitic-Babylonians. 

Thus in closing we must reiterate. 
The Greeks were not the first to specu- 
late concerning the origin of things, for 
we find among the Egyptians and Baby- 
lonians cosmogonic ideas of far more 
ancient origin, which, when divested of 
their theological implications and deity 
names, are not so far different in nature 
and significance from those of more re- 
cent and of Western thought. 
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The words ‘‘cold light’’ seem at first 
sight to state a paradox. So closely 
associated are light and heat in all our 
experience that the two would seem in- 
separable. The sun is not only the 
brightest but also the hottest object in 
our immediate neighborhood. 

Practically every illuminant in use 
to-day is patterned after the sun and 
stars. The attempt is made to heat an 
incandescent filament to the highest 
temperature possible. We can not at- 
tain the temperature of the sun, five or 
six thousand degrees, but we do attain 
two fifths the temperature of the sun and 
a brightness sufficient to convert our 
principal thoroughfares into great white 
ways. No artificial lamp is known but 
that gives off ample heat to be felt by 
the hand. It is all “hot light.” The 
heat is not only a drawback; it is an 
actual waste, a waste so great that it 
represents about 98 per cent, of the total 
energy. We use a 50 horse-power en- 
gine to run the dynamo that lighta a few 
bulbs, when 1 horse-power might do the 
same thing if we knew the secret of the 
process. Modern incandescent bulbs 
arc already many times more efficient 
than those first constructed, but we are 
apparently approaching the limit. How 
can we improve the eflSciency of our 
light-producing processes still further? 
I think we must turn to a type of light 
which, as we say, radiates very selec- 
tively, t.6., it gives off mostly radiant 
wave-lengths which affect our eye and 
very few of those which have great heat- 
ing power but which are invisible. Such 


lights we speak of as cold lights or 
luminescences, and contrast them with 
hot lights or incandescences. 

Luminescences are by no means un- 
usual. They are in fact quite common. 
Two lumps of sugar rubbed together in 
a perfectly dark room will give off a 
faint light. We call it tribo-lumines- 
cence. Tire tape or surgeon’s tape 
gives a greenish glow when stripped 
from the roll. Common salt can be 
made to luminesce when it crystallizes 
rapidly. These lights are very faint, 
and indeed that is characteristic of lu- 
minescence in general, but it is not 
always a serious drawback for practical 
purposes. The radium paint used on 
watch dials is a luminescence, a radio- 
luminescence, and yet has a very useful 
role to play. In fact the modern trend 
in lighting is that of indirect illumina- 
tion. A very bright light is fatiguing, 
indeed obnoxious. We spread our bright 
light over a large area by shades or re- 
flectors and thus avoid the glare, re- 
ducing what is called the “intrinsic 
brilliancy” of the light. Some lumi- 
nescences are bright enough for prac- 
tical illumination but the color is bad. 
I refer to neon lamps, so widely used as 
signs and in advertising. They are true 
luminescences and among the most effi- 
cient types of commercial lamps but 
they still leave a great deal to be de- 
sired as a general illuminant. 

Perhaps the most promising field for 
study is that of chemi-luminescences, 
the luminescences which accompany 
chemical reactions. These appear dur- 
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ing chemical change, chiefly during oxi- 
dation, and can be studied in test-tubes. 
A number of organic compounds in 
water solution can be made to produce 
quite a bright light with only a few 
thousandths of a degree rise in tempera- 
ture. This is the method of producing 
light adopted by the firefly and other 
luminous animals. The layman does 
not realize how many creatures have this 
power. Many of them live in the depths 
of the sea or under rocks and stones. 
Some microscopic forms develop under 
favorable conditions at the surface of 
the sea in enormous numbers, giving rise 
to the phosphorescence, so well known 
to ocean voyagers. Others develop in 
decaying wood, producing the fox-fire of 
forests. Even some bacteria are lumi- 
nous, causing the glow of dead fish or 
meat in refrigerators. 

All emit a light which is a lumines- 
cence, a bio-luminescence, and which re- 
sults from the oxidation of a compound 
manufactured in their tissues end called 
luciferin. Its exact composition is not 
known but we have considerable knowl- 
edge about it, and I believe the synthesis 
of luciferin is merely a matter of time. 
Let us inquire somewhat more closely 
into the luminescence of this compound 
and the light of living things in general. 

It should be clearly understood at the 
start that animal light — cold light — is 
no different in its physical make-up from 
any other kind of light. Animal light 
can be reflected and refracted and polar- 
ized, will affect a photographic plate, 
and is stopped by materials capable of 
stopping similar wave-lengths from any 
other source. Such a light would do 
perfectly well as a practical illuminant. 
The light of some luminous animals has 
an intrinsic brilliancy sufficiently high 
for general illumination. It has .been 
calculated that an area of firefly light 6 
feet in diameter on the ceiling of a room 
9 feet high would give ample illumina- 


tion for reading or drawing on a table 3 
feet high. 

Not all luminous animals are as bright 
as the firefly. Many produce only a dif- 
fuse glow from irregular areas or from 
the whole surface of the body, and some 
pour out a luminous substance leaving 
a trail of light behind them as they 
swim, while others have the light-pro- 
ducing cells concentrated into a definite 
organ. In some cases this light organ 
is provided with reflectors for directing 
and a lens for concentrating the beam, 
as well as opaque screens to protect the 
tissues of the animal from its own light 
and a mechanism for turning the light 
off and on. In a few forms are color 
screens for regulating the quality of the 
light. A veritable lantern is formed 
which we may suppose to be of some im- 
portant use to its possessor. 

Wliat goes on in the cells of those ani- 
mals which can produce light? They 
are the test-tubes of the living organism. 
I have said that a compound, luciferin, 
is oxidixed or burned, a process similar 
to that ^\lIich takes place in a burning 
candle. This oxidation occurs in the 
presence of another compound, lucif- 
erase, an enzyme or catalyst. In this 
respect it differs from a burning candle. 
Now a catalyst is a substance which 
takes no permanent part in a chemical 
reaction, but by its mere presence 
causes the reaction to proceed. It has 
been called a “good mixer” or a “chem- 
ical parson,” because it causes sub- 
stances to become acquainted and unite. 
Its effect Jias been compared to that of 
oil on a rusty machine, and catalysts are 
becoming of more and more importance 
in the chemical industries. 

During the oxidation of luciferin, the 
luciferase molecules pick up some of tlie 
energy of oxidation and are “excited,” 
as we say, to emit light, when they re- 
turn to their normal condition. They 
arc then ready to repeat the cycle again. 
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All this happens in a time interval mea> 
sored in fractions of a millionth of a 
second. The average of all the minute 
amounts of light omitted by all the 
lucif erase molecules give us the firefly's 
light as it appears to our eye. 

There still remains the question of 
what happens to the luciferin after it 
has been oxidized or burned. For many 
years those who thought at all about 
luminous animals supposed that the 
luciferin oxidized with formation of 
carbon dioxide and water, the same 
products as appear when a candle bums. 
This is not the case, and in this fact lies 
the secret of the small energy change 
occurring during its oxidation. Lucif- 
erin does not oxidize to CO, and H3O, 
but to a substance I have called oxy- 
luciferin. 

The important point is that by simple 
methods oxyluciferin can be easily re- 
duced to luciferin. Reduction is the op- 
posite of oxidation. The reformed 
luciferin can be again oxidized with 
luminescence. Not only is the luciferase 
able to pick up energy from oxidizing 
luciferin again and again but the lucif- 
erin is capable of alternate oxidation 
and reduction in a continuous cycle. 
"Why not allow the two processes to pro- 
ceed side by side in the same vessel and 
obtain a continuous light! Reduce the 
luciferin as fast as it is oxidized, and 
use it over and over again. 

This would be comparable to burning 
a candle, and then by some means re- 
combining the oxidation products of the 
candle, the water and carbon dioxide, to 
tallow again. Our present way to re- 
form a tallow candle is to let sunlight 
fall upon the leaves of the green plants, 
when CO, and HjO will be recombined 
with absorption of the energy of sun- 
light, and starch, a compound rich in 
energy, will be built up. Then some 


animal must eat the starchy food and 
convert it into tallow, which is again in 
a position to be burned with liberation 
of energy, some of which goes into the 
light of the candle. 

What is impossible in the case of the 
tallow is quite possible in the case of 
luciferin. By simultaneous reduction 
of oxyluciferin and oxidation of lucif- 
erin, a continuous light can be produced 
— ^not a very bright light, to be sure, but 
one which demonstrates the principle, 
and the principle is the important thing. 

And what an economical process this 
is ! Here you have an animal that makes 
its fuel and bums it and produces light, 
practically pure visible light, for it is 
not contaminated with those unbidden 
rays we can not see; and then it takes 
the combus,tion product and reconverts 
it into fuel again, and the fuel is ready 
to be burned a second time. The firefly 
is able to unburn its candle. And all 
this by a process which is in no sense a 
mystery. The chemist calls it a re- 
versible reaction, and if you should ask 
him whether this is not a rather rare 
thing, he would probably reply: “All 
chemical reactions are reversible, but to 
a different degree." 

The application of an old principle in 
a new way has solved many a problem. 
It is perhaps too soon to predict what 
may be the commercial future of cold 
light, but it is worthy of emphasis that 
such a development would be a very de- 
cided step in the right direction. We 
usually find that nature has selected 
efficient and economical ways of doing 
things and it is no wonder that the cold 
light of animals has been the goal of the 
illuminating engineer, ever since our ad- 
vancing knowledge reached the point 
where appreciation of the principles of 
light-production was possible. 
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SUN-SPOTS AND RADIO 

By Dr. H. T. STETSON 

DIRECTOR OF THE PERKINS OUSKRVATORY, OHIO WESI^KYAN I'NIVKRSITY 


SoMK radio enthusiasts who have been 
lonj? at th(‘ {^anie may sense that ot* late 
years long distance reception has not 
been coming in as it did in the early 
days of broadcasting, five or six y(‘ars 
ago. This is the more significant whmi 
we consider tliat the output of the 
broadcasting stations has been increased 
immensely and tliat great improvement 
has been made in receiving s(‘ts over this 
interval 

Studies during tlie last few years in- 
dicate that tliere are cosmic causes at 
work wliich may proFoundly influenc<‘ 
tile electrical state* of our atmosphere 
which these radio waves traverse. 
Probably tlie sun is the one astronomi- 
cal body most responsible for changes in 
our terrestrial affairs. Every radio fan 
knows that day-time reception is vastly 
poorer than night-time rec<*ption in the 
broadcasting zone*. Here is the most 
obvious exhibition of the effect of the 
sun’s rays uiion radio. On the other 
hand, both day and night recejition vary 
greatly from time to time for what has 
often seemed to be no good reason at all. 
It is from relatively very recent re- 
searches that we have come to believe 
much of the cause for this varying de- 
gree of reception is to be found in the 
sun’s atmospliere itself. 

When we examine the sun’s surfac<» 
through the telescope, we find that it 
presents a strange mottled or granular 
appearance. In this mottled surface 
there develop now and then dark 
patches, often growing into huge black 
areas surrounded by a somewhat shaded 
region called the penumbra. These 
dark areas are the sun-spots. What- 
ever may be ultimately accepted as the 
best explanation of the spots, one can 
not go far wrong in picturing a sun-spot 


as a terrific storm in the sun’s atmos- 
phere, a cyclonic whirlwind for which 
the most violent tropical hurricane 
would be a microscopic illustration. 

One of the most extraordinary fea- 
tures of sun-spots is the periodicity with 
which they ajipear on the solar surface. 
For nearly a century ami a half suffi- 
ci(‘ntly accurate records of the appear- 
ance of sun-spots have b(*en made, so 
that if we plot the degr(‘e of spottedness 
of the solar surface year by year, we 
discover a periodic rise and fall in the 
stormy condition of the sun’s surface 
.spanning ajiproximat (‘ly eleven years. 
W(* arc* now' not far from what w'e call 
a sun-spot maximum. About six years 
ago sun-spots were very scarce and, 
when tlH*y occasionally app(‘ared, were 
very small and insignificant affairs. 

(hiriously enough, at tin* beginning of 
a sun-s])ot cycle the spots appear on the 
sun’s surface at relatively high lati- 
tudes, and as the cycle progresses they 
increase in size and number and break 
out at suc(*essively lower latitudes on 
tin* solar sphere, a giv(*n cycle of spots 
finally disappearing just a few^ degrees 
from the solar equator. 

The true character of sun-spots as 
magn(*lic whirls in the solar atmosphere 
was first established by Hale, of the 
Mount Wilson Observatory, in 1908. l^y 
a speei.'jl .ulaptation of the spectroscope, 
JIale was able to photograph different 
layers in the solar atmosphere and estab- 
lish the existence of vortices similar to 
the whirlwinds which are characteristic 
of cyclonic storms in the earth’s atmos- 
l)h(*re. Furthermore, by analyzing the 
charact(»r of the rays of light radiating 
from the sun-spots. Hale was able to 
demonstrate that the character of the 
light emitted from the center of these 
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gigantic, whirls betrayed unmistakably 
that they were the poles of powerful 
electromagnets, and that the doubling 
and tripling of lines in the spectrum in 
the vicinity of sun-spots was due to the 
magnetic effect announced by Zeeman 
in 1896. 

The mention of sun-spots invariably 
raises the question of a possible connec- 
tion between the spots on the sun and 
terrestrial phenomena. Some statisti- 
cians with an insatiable appetite for cor- 
relations have attempted to connect with 
sun-spots almost (»v(‘ry cycle in world 
affairs from fluctuations in the New 
York stock market to tJie fecundity of 
rabbits in northern Canada. In the 
j)opular mind, almost every world catas- 
trophe has sooner or later been attrib- 
uted to sun-spots, from a Florida hurri- 
cane to the great world war, both of 
which, by the way, did culminate around 
a sun-spot maximum. 

But seriously there are to the scientist 
certain well-recognized phenomena on 
the earth which pass through cycles 
whose correlation with the sun-spot cycle 
is unmistakable. 

For more than a century and a half 
records of the numbers of sun-spots have 
b^en kept and afford data for a study of 
their periodicity over a range of about 
fifteen eleven-year cycles. For more 
than a century records of the variation 
in the earth’s magnetism have been made 
and preserved. The remarkable correla- 
tion of sun-spots wuth magnetic changes 
on the earth is at once apparent when 
we make a graph of the number of sun- 
spots and compare this with a similar 
graph for changes of the compass needle. 
Simultaneously with the so-called mag- 
netic storms, which are wont to sweep 
the earth upon the appearance of great 
sun-spot activity, we witness frequent 
and brilliant displays of the aurora 
borealis. 

The auroral light is due to an elec- 
tronic discharge in the upper and highly 
rarefied atmosphere of the earth, and is 


most probably activated by charged par- 
ticles of electricity emanating from the 
sun whose activity varies with the sun- 
spot cycle. It seems probable that the 
magnetic vortical whirl of a sun-spot 
acts as a directing field in guiding elec- 
trons escaping from the sun. When a 
conspicuous spot appears near the center 
of the solar disk, and is therefore ap- 
proximately in line with the earth and 
the sun’s center, there is a particularly 
good chance of the ejected electrons 
striking the earth’s atmosphere and 
causing an ionization or electrification of 
the upper atmosphere giving rise to an 
auroral display At the same time the 
induced earth currents will distort the 
earth’s magnetic field, causing the small 
variations in the compass needle so char- 
acteristic of a “magnetic storm.” 

While for many generations scientists 
have recognized the recurrent cycle in 
solar aclivity and the magnetic changes 
in the earth, never before the present 
period of sun-spot activity has it been 
possible to study so thoroughly the 
changing degree of electrification in the 
earth’s atmosphere with the coming and 
going of the spots across the solar disk. 
All this has come about by the develop- 
ment of the radio. 

The same electric disturbances which 
alter the earth’s magnetic field and pro- 
duce the displays of the aurorae or 
northern lights so change the electrical 
state of our atmosphere that the radio 
waves are also affected to a very marked 
degree by the coming and going of the 
gigantic solar cyclones. 

I have before me a graph showing the 
number of sun-spots during the twelve 
months of the year 1926, and alongside 
another graph showing the average con- 
dition of radio reception over the North 
Atlantic, South Atlantic and across the 
continent. The sun-spot graph is made 
from the so-called Wolfer numbers. 
These numbers are based upon the num- 
ber of spots visible on the sun’s surface 
at a given time and to some extent upon 
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UPPEH Cl’ItVE HllOWH INVERTED RUN-SPOT NUMBERS. LOWER (M'RVE RADIO 

INTENSITY MEASUREMENTS. 

tlioir area, but do not take into aeeount February, 192b, and {^reat credit is due 
the position of the spot on the sun’s disk, him for his pioneer work and his pre- 
The jreneral run of these j?raphs indi- eminent contributions in this fudd. 
cates tliat radio reception is distinctly If we plot a ^raph of the inverted 
impaired by an inereas(» in the sun-spot curve of sun-spot numbers for the years 
numbers. 1920 to 1929, and another j^rapli alon**;- 

Quantitative measurements of radio side s}io\\infj: the varying? intensity in the 
reception since 1926 seem to have estab- carrier wave from WHllM in Fhicajjro 
Jislied beyond much doubt that lon^ dis- as received in Boston and based on the 
tanee night reception in the broadcast results of measurements by Pickard and 
zone is in general poor when sun-spots Stetson, the inverse correspondence b(»- 
are numerous and good ^^hen the spots tween radio intensities and sun-spot 
are few. The cpiantitative measurement numbers becomes readily apparent, 
of radio receipt ion in the broadcast zone Every night, Sundays and holidays 
was begun by Mr. (1. W. Pickard in his included, three stations, one in Massa- 
private laboratory at Newton Center in chusetts, one in Ohio and one in Cali- 

1926 
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CURVE SHOWING CORRELATION OF SUN-SPOTS WITH RADIO RECEPTION 
Dotted cueve, the inverse or sun-spot numbers; full curve, relative intensity or radio 
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tornia, tune in on a i)r(»seribed wave- 
length to study the effeel of tlio day^s so- 
lar radiation upon tlie electrical state of 
the (»arth’s atmospliere. Not trusting to 
any personal impressions as to W’hether 
reception is exc(‘llent, good, fair or poor, 
an attendant closes the key to tlie auto- 
matic record(*r, whose faithful pen with 
an impersonal but almost un<‘anny intel- 
ligence writes a continuous record of the 
intensity of the incoming waves, ft is 
with utter disregard for astronomical or 
electrical theories that it leaves its un- 
prejudiced and indelible record of what 
hap])ens for the scientist to analyze. 

In addition to the measurement of 
radio n*ception the sun is photographed 
at the Perkins Observatory every clear 
day in cooperation with the Yerkes, 
Mount Wilson, Harvard and Naval Ob- 
servatories, and a careful study made of 
the size, numbers and location of the 
sun-spots. It is believed from a pre- 
liminary study that tin* distance of the 
spots from the center of the disk, or the 
sun-earth line, is an important factor in 
the study of correlation of sun-spots 
with radio reception and other electro- 
magnetic plienomena on the earth. 

The radio apparatus recently installed 
and now in daily operation at the Per- 
kins Observatory is a super-heterodyne 
receiver especially constructed for the 
purpose and feeding into a self-record- 
ing galvanometer which registers in 
micro-volts in th^ antenna the strength 
of the carrier wave received from the 
broadcasting station of WP>HM Chicago. 
The apparatus is so designed that the 
modulations of the carrier wave do not 
affect the record appreciably, and the 
results obtained are independent of the 
nature of the program broadcasted. 
Realizing the importance of the investi- 
gation, the broadcasting station scrupu- 
lously maintains a constant eiu^rgy out- 
put in its antenna current, and each 
night before the observers begin work 
the receiving set is carefully calibrated 


by means of a small sending .station in 
the laboratory placed in close proximity 
to the receiving set. The output of the 
local oscillator necessary to maintain 
full deflection upon the recorder in the 
receiving circuit is then read from the 
microammeter in the circuit. The con- 
stant of the a})paratus for the evening 
is thus determined. In this way local 
sources (ff error both at the broadcasting 
and receiving ends are eliminated and 
the resulting measures of the variable 
reception from night to niglit may be 
attributed to the changing electrical 
conditions of the atmosphere through 
which the broadcasted wave travels cn 
route from Chicago to the receiving 
station. 

Opinions differ as to just \shat hap- 
pens wluoi a broadeastinl wave travels 
over the earth Some believe that an 
ether wave is jiropagated which is re- 
flected back to earth from an ionized 
layer of the eartlPs atmo.sphere known 
as the Kennelly-Iieaviside layer which 
lies some seventy kilometers above the 
earth's surface. Others maintain that 
the cl(*ctric wave is refracted ratln*r 
than ndlected from such a layer. What- 
ev(*r the mechanism, the wave appears to 
be turned back by this ionized layer of 
the earth 's atmosphere. Any changi* in 
the intensity or degree of this ionization 
or electrification of the earth’s upper 
atmosphere would have the effect of 
bending the ray more abruptly or less 
abruptly towards the earth and there- 
upon at once be noticed in the intensity 
of radio reception. The mon* rapid 
changes of this sort are doubtle.ss re- 
sponsible for the phenomena of fading, 
with which every radio fan is thoroughly 
familiar. According to our theory the 
sun constantly bombards the earth's 
atmos])here with electrons or bundles of 
energy of high freipiency which in turn 
tear apart the positive and negative 
charges of the atmospheric molecules, in 
other words, ionize it to a very consid- 
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orable extent, thus producing the Ken- 
nel ly-Heaviside layer. If the sun is 
more active on occasion, as when large 
spots appear on its surface, the degree 
of ionization increases, producing sub- 
stantially the effect of lowering the 
Kennel ly-lleuviside layer and upsetting 
the radio reception. When the sun is 
again less active, the atmosphere tends 
to return to its normal state of ioniza- 
tion and the radio broadcasting recep- 
tion tends to improve as the ionized 
layer lifts. 

Further study of the data shows a 
definite fourteen- or fifteen-month period 
in solar activity to be (exhibited both in 
the matter of sun-spots and in radio re- 
ee[)tion. 

Another important result of the study 
f)f the reception curve is to show how 
completely unfounded is the po])ular 
impnvssion that radio reception is uni- 
vei’sally poor in summer and good in 
\N inter. Generally speaking, reception 
should be better in the winter months 
on account of the short(»n(»d days and 
decreased daylight. On the other hand, 
the sun-spots and radio curves of 15)26- 
28 show that the increased solor activity 
actually gave much poorer reception in 
the winter months of both 15)26 and 15)27 
than during the summer months of the 
same years Conditions again improved 
in 15)28, but reception again became poor 
in the fall and winter of 1025). Tt may 
be mentioned that the high degree of 
static due to thunder-storms in the sum- 
mer months results in the fact that the 
average radio listener will decrease the 
sensitivity of his set in summer to lessen 
these disturbances with the necessary 
accompaniment of low audible intensity 
of distant stations. Hence the general 
im[)ression of a low^ intensity accom- 
panying warm weather temperature. 

The rise in sun-spot numbers in* the 
fall of 1025) corroborated to a remark- 
able degree tlie evidence I ventured at 
the New York meeting of the American 


Association for the Advancement of Sci- 
ence in 1028, that the period of maxi- 
mum for the present eleven-year cycle 
had not been passed. Forecasting on 
the basis of the fifteen-month cycle, 
which had worked so effectively during 
the last few years, the year 15)30 should 
show^ a general decrease in sun-spot 
numbers as the year waxes, with a cor- 
responding increase in radio signal 
strength in the broadcast zone. By th(‘ 
very end of 1030 and the beginning of 
15)31, the general rise of a secondary 
sun-spot maximum may be evident. By 
1031, however, it is believed we shall be 
so far from the maximum of the eleven- 
year jieriod that the secondary maxi- 
mum period will have no such marked 
effect upon radio nwption and allied 
electromagnetic phenomena as have tlu* 
sun-spot maxima of 1928-20. The gen- 
eral lifting of the ionization level in the 
earth’s atmosphere may be expected to 
continue with fluctuations through the 
next six years, but in 1034 solar activity 
should bV as (piicscent as at the last 
minimum in 1023. 

Perhaps the most remarkable result of 
our correlation sfudy has been the dis- 
covery that radio apparatus has become 
an effective tool in the study of solar 
radiation. Furthermore, since meteoro- 
logical changes are correlatable with 
changes in radio reception, it is but fair 
to specify that a new* uudhod has been 
evolved which may ultimately lead to 
important correlation between sun-spots 
and the weather. To this end researches 
will be continued in these closely related 
lines at the Perkins Observatiory. 

In conclusion, it may be said that in- 
vestigations in radio transmission, to- 
gether with researches in the change in 
the earth’s magnetism and electricity 
and the ultra-violet radiation of the sun, 
may yet prove to furnish the most defi- 
nite data as to changes in solar activity 
itself. 
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PROFESSOR FRANZ BOAS, PRESIDENT OF THE AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


Fkaxz r>()As, prosi(l(‘iit of tho Aniori- 
can Association for tlie Advaneoincnt of 
Science for lilltl, was born in Minden, 
Westphalia, in 1858. II(‘ was educated 
at the universities of Heidelberg, Bonn 
and Kiel, receivinj^ his doctorate from 
Kiel in 1881. ITp to this lime his work 
had not touched tlie field of anthro- 
pology, which he, more than any other 
ptTson, was to mark out and develop. 
His dissertation was on the color of sea 
water, and lie umhu’took what jirov^ed 
to be the first of his anthropological field 
trips in the pursuit of his interest in 
j^eojjfraphy and physics. This expedition 
was to Cumberland Sound and Davis 
Strait, where he spent the better part of 
the years 1883 and 1884 ainonp^ the 
Central Eskimo. Under the influence 
of Hatzel he had expected to demon- 
strati' freo<;raphical determinism, hut his 
apjireciation of the far-reaehin^ sipfiiifi- 
canc(‘ of the forms of the cultural life 
of this ])eoj)le finally determinc'd his life 
work. He returned from Hudson Hay 
with mat ('rial on the «reoj^ra])hy of tin* 
rej.don, but he had in addition abundant 
data (Ui the cultural life of tlu' Central 
Eskimo as w^ell as an ethno}j;raphi(*al c(j1- 
h'ction of spc'cimeiis. 

He n^turiK^d to (lermany, Avhere he 
was assistant in the Iloyal Ethnological 
Mus(‘um in Bc'rlin under Bastian, and 
docent of <r(‘ojrraphy in the University 
of Berlin. In 188G he undertook ethno- 
lojrical investifrations in still another 
primitive field for the Briti.sh Associa- 
tion for tin* Advancenmnt of Science. 
It w^as amouf? the Indians of the Nortli 
Pacific Coast of North America that he 
bef^an the anthropolopcal field w^brk 
with which he has identified himself 
throuj^hout his life. From this time till 
1897 he made repeated trips to this re- 
gion, invest ifi:atinp: the cultural life of 
the various tribes up and down the 


coast, collectiiif^ in> tholoj^ical material 
and ethnojjfraphical speciim'iis, taking 
UK'asurements of bodily form, recording 
lingiiistic texts and making grammatical 
analys(‘s. Af1('r 1897 tlu* work was eon- 
tiniu'd as the Jesup Expedition, and was 
enlarged to include a number of iii- 
V(.\stigators under his direction. 

Erom 1888 to 1892 he w’as docent of 
anthropology at Clark University. He 
was chief assistant of the department of 
anthro|)()logy at the Chicago Exposition 
in 1893, and to him was largely due the 
succc'ss of that first scientific exhibition 
of American (‘thnology. At tlu* close of 
the World's Fair he took charge of the 
('ollections nuuh' then* as curator of the 
d(^partnu‘nt of anthropology of the 
Fu'ld-Columbian Museum, coming, in 
1890, to the Amerii*an Museum of Natu- 
ral History in New' York City wdierc* he 
was assistant curator and (Uiratijr till 
1905 From tlu* time of his coming to 
New York In* was Iccturc'r in iihysical 
anthro])ology in Columbia University, 
and from 1899 until the pr(*sent time he 
has been professor of anthroiiology at 
that institution. In 1912, he h'ctured 
at the Int(wnational School of Arche- 
ology and Ethnology in Mexico City 
and, in 1924, at the Institute of Culture 
History at Oslo. 

Besides his life-long anthropological 
work on I lie Noith Pacific Coast Dr. 
Boas has carried on investigations in 
Jhirto Rico, in Mexico and in the South- 
WM'st pucdjlos, and is at the time of his 
election as president of the American 
Association for the Advancement of 
Science spending his sabbatical t(^rm 
among the Kwakiutl Indians of Van- 
couver Island, the tribe of the Northern 
Coast wdth which he has been most 
closely identified. 

Alone among anthropologists Dr. 
Boas has w'orked in the three major 
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fields of anihropology : pliysical anthro- 
pology and anthropometry; linguistics; 
and cultural anthropology. Archeology 
is the only branch of antliropology to 
which he has not made major personal 
contributions. In his work in physical 
anthropology he has constantly called at- 
tention to the necessity of investigations 
into the rates and processes of physical 
change so that we may know something 
of the behavior of physical measure- 
ments under various hereditary and en- 
vironmental conditions, information that 
is necessary before w^e can intelligently 
use physical statistics as a basis for the 
classification of human groups. In lin- 
guistics he has set a high standard for 
the recording of primitive languages 
and for the analysis of their grammat- 
ical forms, and has interested himself in 
the processes of linguistic development 
and in the use of this material in his- 
torical reconstruction. In cultural an- 
thropology he has emphasized the im- 
portance of a twofold approach, the one 
aiming at the most complete and fully 
interrelated study of the different as- 
pects of the cultural life of any peoples, 
and the other aiming to place this cul- 
ture and the different aspects of it in 
its broad setting as one local variant of 
much wider distributions. The latter 
of these emphases has led to his interest 
in historical r(»const ruction of those 
parts of the world without w'ritten rec- 
ords, and the former to his insistence 
on the great role played by the forms of 
institutional life in the psychology of 
any peoples, and his understanding of 
the possible equal value of very diver- 
gent cultural forms. 

It is seldom that one man has been so 
largely responsible for the history of a 
scientific discipline as Dr. Boas of an- 
thropology. Almost every American 
anthropologist has been a student of 
Boas, ami his work in all fields of an- 
thropology has made him a leader in 
fact as well as in name. 


The honors that he has received have 
been in keeping with his achievements. 
The degree of LL.D. was conferred upon 
him by Oxford University and Clark 
University, the degree of Se.D. by Ox- 
ford University and Columbia Univer- 
sity and the honorary Ph.l). by the 
University of Graz. He was made a 
member of the National Academy of 
Sciences in 1900. He was president of 
the American Anthropological Associa- 
tion from 1907 to 1909, of the New 
York Academy of Sciences in 1910, of 
the XXTII International Congress of 
Americanists in 1928. 

For years he has held offices wdiich in- 
volve incessant labor, not only of or- 
ganization and administration but even 
of financing. He was editor and guiding 
spirit of the Jesuj) North Pacific Ex- 
pedition series and of the American 
Folk-Lore Society. He is editor of the 
American Ethnological Society, of the 
Columbia T^niv(‘rsity Contributions to 
Anthropology, and of the Infernaiional 
Journal of American Linguistics, to men- 
tion only a few. 

He submitted plans and secured funds 
from the Carnegie Institution for a con- 
centrated drive to get w ritten r(‘cords of 
the nearly extinct Indian languages of 
North America. In less than five years 
some twenty-three grammars have been 
wTitten under his direction; the work is 
continuing and may soon be extended to 
include Latin America. 

His bibliography is extensive, but the 
following may be singled out for special 
mention: ‘‘The Growth of Children,’’ 
1896, 1904; “Social Organization and 
Secret Societies of the Kwakiutl,’’ 1897 ; 
“Changes in Bodily Form of Descen- 
dants of Immigrants, ’ ’ 1911; “ Tsim- 
shian Mythology,” 1909; “The Mind of 
Primitive Man,” 1911; “Kultur und 
Basse,” 1913; “Primitive Art,” 1927; 
“Anthropology and Modern Life,” 
1928. 
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THE WORK OF DR, BURTON E. LIVINGSTON AS PERMANENT SECRETARY 
OF THE AMERICAN ASSOCIATION 


Upon the resif^natioii of Dr. Burton 
E. Livingston as permanent secretary of 
the American Ass(»cia(ion for the Ad- 
vancement of Science, it is ai)j)ropriale 
that we express our appreciation of the 
great contribution he has made to Amer- 
ican science during the elevcni years that 
he has dev()l(»(i to the reorganization of 
the work of the association, following 
the adoption of the new constitution at 
tlie St. Louis nuM'ting in l)eeemh(‘r, 1910 

Many excellent features of tlie work 
of the association are now so familiar to 
us that we are apt to forget tliat they 
are recent developnumts, largely devised 
and i)ut into effective operation b}- Dr. 
Livingston. Among these may be men- 
tioned the Preliminary Anmmncement 
and Reports of tlie Annual Meeting (as 
they appear in special issues of Science) ^ 
the remarkably interesting general ses- 
sions and non-tech nical lectures that 
form a conspicuous part of the annual 
meetings, the Annual Science Exhibi- 
tion, the Association Press S(*rvic(», the 
Association Prize, the 8(*eretaries’ (N)n- 
ference, tin* Academy Uonf(*renee, the 
(fcneral Program with its convenient 
system of key symbols, and the method 
now^ in use for securing fellowship nomi- 
nations. Although some of thes<» fea- 
tures originated earlier in the history of 
the association, their present form and 
high d(*gree of excelleiUM* are due almost 
entirely to the development that has oc- 
curred under the efficient h^adership of 
Dr. Tnvingston. 

The most tangible index of the re- 
markable development of the American 
As.sociation under Dr. Livingston’s 
guidance is the extraordinary growth in 
membership that has occurred during 
tin* last decade. The membership has 
growm st(»adily at an average rate of 
m*arly eight luiudred ruwv members each 
year. P^rom 11,442 in 1920 it has in- 
creased to over 19,000 at the present 
time. Growth in numbers has been ac- 


companied by a less readily evaluated 
but even greater increase in interest dis- 
played by members in all aspects of the 
w'ork of the association. The rapidly 
grow ing appreciation of the work of the 
a.ssocialion and all that it means to sci- 
encf* and education in America is shared 
by numibers of its one hundred and 
twenty-two associated organizations, rep- 
resenting all of the many thousands of 
American scientific investigators, teach- 
ers, and friends of science. 

Dr. Livingston has shown remarkable 
executive ability in framing tin* broad(*r 
policies of the a.ssociation that look to 
the future as well as in handling the in- 
numerable details of administration, 
lie brought to his work an unyielding 
earnestiK'.ss of purpose in advancing 
what he conceives as a great cooperative 
movement, eapabh‘ of exerting a powxn*- 
ful b(‘nefi(Mal influence upon science and 
civilization Endowed with sound judg- 
ment and rare ability as an executive. 
Dr Livingston has devoted sixteen hours 
a day. during the strenuous period be- 
fon* and after the annual meetings, to 
his combined duties as permanent .secre- 
tar\ f)f the association and director of 
the Ijaboratory of Plant l^hysiology of 
the Johns Hopkins T’^nivt*r.sity. During 
the meetings his day rarely was finished 
until three or four o’clock in the morn- 
ing — with the council regularly mi'cting 
at nine 

The members of the council and of its 
executive committee, inspired largidy by 
the peiiihinent S(‘cretary, have shown a 
con.stantly growing interest and eiithii- 
sia.sm in govtu ning the activities of the 
association. They have cooperated in 
every possible way with Dr. Ijivingston 
and have depended upon his judgment 
for many important decisions affecting 
the policies of the association. The per- 
manent secretary has been helped by a 
small but exeeptionally efficient staff of 
assistants in the Washington office, 
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llirouj^liuut Ills term, by Mr. 
Sam W()()(Ile\. And an inereasin»:ly 
helpful cooperation of the section ami 
society seert'taries has been an impor- 
tant factor in the ^a’owin^ inflaenc(‘ of 
the association on American scnnice 

One of the most valuable contribu- 
tions made by J)r. Livingston is in the 
j nib) i cat ion of readable and int(U*(*stin<r 
r(‘j)orts of ('ach annual meetinj^. Th(‘se 
;^(*nerally liave filled one ’whoh* issue of 
Sriencr, and tliey are of ^reat intmvst 
to all wlio have att(*nded tin* m(*(‘tinf 2 : as 
\\(»]1 as to those wlio liav(‘ remaiiKMl at 
hoim* The Pn^liminiary Announce- 
ment, likewise publislu'd in a sp<M*ial is- 
su(‘ of IS now a publication of 

j^reat importance to all members of tin* 
association. K(‘W' lieoph* can realize* the 
(*normous task involv(*d in tin* pn'para- 
tion of tln*s(‘ publications, all the mate*- 
rial for which has been reor^auizeel 
and much of it rewritt(‘n by J)r Li\- 
in<i;ston 

The Se*cn*tari(‘s’ ( 'onf<*r(*nc(* and Din- 
ner, organized by Dr Livinji:ston, forms 
an important jratherinjr at which all tin* 
societN <ind section secretaries meet witli 
the executive committee* of the associa- 
tnni and work out jilan.s by which tin* 
activitn*s of the various jxroujis are co- 
ordinat(‘d. rinh*r the ‘runlance of tin* 
])(*rmauent secr(*tary tin* l•(‘lations of the 
acad(*mn*s of science to the association 
have d(‘velope<l m a V(*ry satisfactoiw 
A>ay An (‘fficient means to this (*nd is 
the Academy Conference* and Dinin*r, at 
which r(*prcsentative*s e>f the* af[iliate*d 
acad(*mies mee*t with re|)re*s<*nlat ives eif 
the associatnin at each annual nn*etinjr 

(ir(*at service* has bt*e*n r(*ndere*el by 
Dr. liivinjrston in ]dacin*>: the financial 
affairs of the associatiem on a se*cure and 
satisfactory basis. Mark(*d improve*- 
m(*nts have* be*en maele* in the financial 
arranj^emients fen* the annual me*e*tinjrs 
and in the* hanellin^ e>f the ^e*ne*ral Vur- 
re*nt funds of the asseiciatiem Adelitienis 
have been made tei the permaimnt en- 
dowment e)f the* asseiciatnin , the mt*the)<ls 


e)f invt*stme*nt of the pe*rmanent funds 
by the* finance cemimittee anel the use of 
income* freuii tJiese* funds now olfe*r every 
jieissible* e*nce)ura^ement feir additiemal 
elematienis. 

Dr Livinj^stem red ires from liis dutie*s 
as pe*rmane*nt se*cretary of the* American 
Association tei devede his full time and 
atte‘nfion to his at-ademic w’e>rk at the* 
deihns Heipkins Vnive'rsity, whe*re he has 
be*e*n pred'(*sse)r eif plant physioleijry since* 
IfHH) anel elirecten* e)f the Labeiratory of 
Plant i^hysieihijry since One* of 

the fe)re‘me)st authorities in the world on 
the* wate*r re*lations of plants, Dr. Liv- 
in^stem is autlmr eif more than one hun- 
elre*el and se*venty-five ])ape*rs eni plant 
j)h>siole)}jfy, anel eif several books, in- 
cluelinjr “Pole* eif Diffusion anel Osmotie* 
J^re*ssure* in Plants,^' “The Itelatiem of 
De*se*rt l^lants t«» Soil Meiistnre and te) 
hAapeiratiem,'’ anel “Distributiein eif 
Ve‘jie*tatie)n in the rnited States as Ue*- 
late*el te) Climatic (.’einelitieins^^ (with F 
Shre*ve) lie* lias alse) translated anel 
e*elite*el the* English e*elitie)n e)f PalladiiCs 
“Plant Physiole)»:y ’’ A numbe*r eif in- 
strume*nts de*vise*el by Dr. Livin^stein are* 
used threin^heiut the we>rld in ])hysie)le)^- 
je*al re*se»ar(*h The^se incluele* the peirous- 
cup atmome*te*r ( fe»r me*asnrinjr evap- 
eiration as a climatie* facteir), the 
autei-irrijrator (feir autemiatic ceintreil e)f 
senl moisture* e>f ])e)tte*d plants), W’ate*r- 
absen-hin^: peiints (feir me*asurinf»: water- 
supplying powe*r of seiils), and redatin*^ 
table*s (for assuring eepial e*xpe)sure* eif 
plant cnlture*s te) e‘nvire)nmental condi- 
tieins) 

The as-, elation fe*els ve*ry p:rateful to 
Dr liivinjrstem for the years that he has 
ele*ve)te*el, t*nthusiast ie*ally and tire‘le*ssly, 
te) its we)rk; il ce)nfrratulate*s him e)n his 
^•re*at ae*hi(*vements as permanent se^cre- 
tarv ; anel it e‘Xte*nds to him be*st wishes 
tor flirt hen’ succe*sses in his owii Held of 
seie*ntific re»se*are*h. 

Sam F. Trelease, 
Srrreianj, Sfctioti (r, 

Scerrtary of thf ('ounviL 
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OF TUP rNIM'RSlTN OF (^ALIFORXIA 

SIR CHANDRASEKHARA VENKATA RAMAN, NOBEL LAUREATE 


Ix iiwBnliiij: tiu* Xohcl Pnzo ni ph\s- 
ios for IRRO to Sir (' \\ ILiiium, the 

Acri(lcin\ (‘oiK'iiriTtUMtli physi- 
cists tin* \\ 01*1(1 over 111 appraisiiijif the 
tlisi‘ov(*r\ of the ’‘Kainan (*ff(*ct ” as oii(‘ 
of th(’ most important ai'liK'vimionts in 
physics in recent y<*ars 

As on soim* iirevions occasions, the 
award this time is imuh*, nominally at 
any rat(\ for a single (Wperiiiimital re- 
sult of strikim^ importance ratlim* than 
ior a hi^h standard of prodnctivit\ 
maintain(‘d over a ])eriod of y(*ars 
A^min as on pnw^ioiis occasions, the ])ar 
ticular e\])(*rmient to riM-eive* tins sijrnal 
ri‘(*o‘»’nition is a rather simph» one one 
whi(*h mijrht ha\e hetm madiMMt h tsinip- 
nient at hand in almost aiiN ])hysical 
laboratory in tin* world at any turn* dnr- 
injjf the last forty or fifty y(*ars Inde(»d, 
wdthin a yt^ar of Ramairs annonnee- 
nieiit of his discovery, the effect was 


verified and studied by more tluin fort\ 
invest i^uilors in countries othi*r than 
India 

In its simplest form the experiment 
consists in irradiating a substanci* com- 
pos<*d of molecules with monochromatn* 
li^ht, and observin*^ the spi*ctrum of tin* 
iijiht which the substaiu'c scatters 
Kaman found that the scatterisl liji’ht 
comprises, in addition to a lim* of tin* 
same Wi:\*^ len{4:th as the iiicid(*iit radia- 
tion, a few* rnucli fainter ljin*s as well, 
which additional liiu's are in a s(*ns(‘ 
sat<*Hites of the ])rimary Inn*, niovinj.' 
with it as a j^roiij) throuj^h tin* s|n*ctrum 
when tin* wav(*-l(*n»4t h of tin* primar\ 
radiation is all(*r(*d 

In the first definitivi* (*\p(‘rinn‘nt of 
tliis kind, Kaman jihoto^raplu'd the 
sjiectra of the radiation scatt(*r(*d by 
various orp:anic compounds w*h(*n illlu- 
miiiated h} a part of the spi'ctrum of a 
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mercury «re On luu^ exposure the 
plates revealed these additional or sec- 
ondary lines not ])res(*nf in the primary 
lijjfht. It \\as found jiossibh* to classify 
tliese secondary liiu's into {groups each 
associateil with a siu^de one of the pri- 
mary lines; eorrespondinj? meinh(‘rs ol* 
tlu^ various croups an* dis})laced in fre- 
<|uenc\ (*ach by the same amount from 
its primary The dilTc'n'iit f^roups may 
<)V(*rlaj) in the spectrum, making; the 
soitinj^ out difficult hut not impossible 
A j;:roup may (*xti‘ml on both sides of the 
tirimary, as a rule more and slron<^<*r 
lines an* found on the side of lower fre- 
(lU(*nci(\s. Such lini‘s as do app(*ar on 
the hi^h frei|U(*n(*y side are found 
always to be matched In lim*s of (*<|ual 
displacement on tin* low ln*(|U(‘n(*y side. 
It is as if th(* scattering material has at 
its dis])osal a small (Millection of fre- 
quencies which It can add to that of the 
incident lij^lit or substract from it, anil 
as if it pr(»f(*rs subtraction to addition 
Th(*s(* simple numerical n*lat lonships 
distinguish the Kaman <*t!‘ect from the 
soim*what similar i)lienom(*non of fluo- 
reseonce — th(*se and the fact that tlu* 
Kaman efiect app(*ars to be a universal 
phenomenon obs(*rvable wuth any trans- 
parent medium fyaseous, liquu! or solid, 
^vhereas fluon*scen(‘e is (‘xhibited by a 
limited class of materials only 

The simple numerical r(*lationships 
Avhi(*h have b(*(*n m(*ntiom*d as character- 
istic of the Hainan effect, and one other 
Avhich IS to b(* described further on, are 
easily ex])lained in t<*rnis of li^ht quanta 
and the known propertn*s of inoh*cules 
This is one of tin* n‘asons for r(*‘;:ardin«j: 
the dis<*overy of the Kaman effect as an 
event of {?reat importance; it makes an 
addition to the list of phenomena which 
are conveniently inteiqireted by regard- 
in{? lipfht as a corpuscular as w’(*ll as a 
wave phenomenon. 

Since Einstein in 11106 rehabilitated 
the corpuscular theory of lif^ht to ex- 
plain the pliotoelectric effect, and more 
especially since tlie discovery of the 


Pompton effect in 1024, it has become 
steadily mon* imp(*rative to recoj^nize 
that light has the.se two a})i)arcntly ir- 
reeoncilabh* asp(*cts; a beam of light is 
a tiight of particles or a propagation of 
trains of wav<*s, (h*p(*nding iqioii the 
particular ])ln*nomeiion which is to b(* 
ex])lain(*d or visualized. Jn cxiilaining 
some ])hcnonn*na it is even necessary, or 
at l(*ast convenii*nt, to oscillati* betwe(*n 
the two views at different stages of the 
argum(*nt Jn such cases wc* makt* the 
translation liy m(*ans of two well estab- 
lished laws, the energy of the light 
particles or jihotons is strictly propor- 
tional to the fr(*(iU(*ncy (wav(*s ])(*r s(*c- 
ond) of the associat(*d undulations, and 
similarlx tin* momentum of tin* photons 
IS strict I \ proportional to the wa\e num- 
ber (waves t)(*r centimeter) of the undu- 
lations The factor of jiroportionality is 
in both cas(*s tin* so-called Planck con- 
stant h 

In the corpuscular picture the Kaman 
effect is dm* to interchanges of (*n(*rgy 
occurring in encount(*rs between the 
photons of tin* incident light and the 
molecules of tin* scattt*ring material. 
Photons (*m(*rj»e from these* (*nc()unters 
with alt<*rcd e*nergy; tln*y constitute the 
scatt<*rcd of altered frequency and 
alter(*d wave*-length which Kaman de- 
t(*cted Xow (‘Very kind of mol(‘cule or 
atom has tin* following peculiar prop- 
erty its int(*rnal (*n(*rgy is liiniti*d to 
c(‘rtain (h'finiti* discrete valu(*s The 
mol(*cuh* is capable* of existence only at 
ceu-tain “energy levels,’’ and can accept 
or give* up e*nergy only in amounts wdiich 
will raise nv lower it, from the jiarticu- 
lar leved in which it happens to be, to 
another of its levels. 

Thus the photons may give up to the 
moh'cules only one or another of th(»se 
characte»ristic amounts of energy, and, 
in consequence of the direct proportion- 
ality b(*twee*n energy and frequency, 
the frequency of the associated weaves 
should be lowered only by correspond- 
ing amounts It is for this reason that 
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the Raman spectrum is a sijoctrum of 
sliarp lines. The frequency displace- 
ments in the Raman spectrum should 
correspond to differences between energy 
levels of the molecides; and in cases in 
^^llieh these latter are already known 
this relationship is verifi(*d 

The Raman lines on tin* liigh fre- 
quency side of the primary line may be 
explained on the general prineiiile that 
processes of I he kind mentioned in the 
last jiaragraph an* necessarily revers- 
ible*. If it is possible for a ]dioton to 
give up a jiart of its energy in raising a 
molecule from one level to another, it 
must be possible also for the molecule in 
passing in the opposite din‘ction to im- 
jiart an eeiual amount of eiu‘rgy to a 
colliding jihoton. This process is the 
analogue* of what is known in ene;oun- 
te*rs between e*lectrons and ateims as a 
“ceillisiem of the second kind.” The 
pre'sence eif high frequemey eornpone'iits 
in the Raman spectrum symme*trical 
with the le)w frequency e*e)mpone‘nts is 
due te) sue*h encounters These cemi- 
pone‘nts are we^ake*!’ than their compan- 
ions because* at eird inary te*mpen'atures 
nearly all of the mole*cule*s are in their 
state e)f le)wi*st energy and are incaiiable 
tlmrefeire of imparting energy. 

Thus, the* importance of Ramairs dis- 
cove'iy is due* partly to its revealing a 
pre*vie)usl> unknown process in nature, 
partly to the adelitional basis of reality 
\\)iich it affeirds to the phedon, and 
jiartly te) its supplying a new and con- 
venient nudlioel of investigating the 
ene*rgy levels of molecules. 

Jt was remarke*d earlier on that the 
Raman expt'riment is a rather simple* 
eine vhich might have been made with 
eepiipment available in any ])hysieal 
laboratory at any time in recent ele*cades. 
It was no accident, however, tliat this 
particitlar discovery was made by 
Raman rather than by seuneMUie* else, 
fniportant discoveries in physie*s, even 
quite simple ones, are usually made only 
by inve^stigateirs who have cultivated 


intensively the particular field con- 
cerned, and this is strikingly true in the 
present instance. No one else in recent 
years has been as assiduous in the study 
of the scattering of light as Professor 
Raman. Triu*, in the years just follow- 
ing Ills graduation from Presidency 
Polh*ge, Madras, in 1907, his interest 
—if w(‘ may judge from his publica- 
tions- centered chiefly in the vibrations 
of mecliani<*al systems- stringed musical 
instruments in particular — and other 
ai'oustical problems Rut even in these 
.\ears problems in optics claimed a part 
of his attention. About 1920, however 
— threi* \ (‘ars after he bt*came JSir Tarak- 
nath Pa I It, professor of physics at Cal- 
cutta Cniv(*rsity- he turned abrujitly 
from studies in acoustics and d(*vot(*d 
hims(*lf almost (‘xclusively to optics and 
particularly to investigations of scatt(*r- 
ing, both theoretical and experimental 
Of one hundred papers and notes pub- 
lished by Raman independently or in 
collaboration with Ins associates and 
students since that time, eighty-thn*e 
deal with problems in ojitics and forty- 
nine with the scattering of light. 

It sp(*aks well for tlu* (h»velopment of 
science in India that Professor Raman 
apparently owes little or nothing of Ins 
eminence to direct contact wdtli ph^sl- 
cists in oth(‘r countries. II is formal 
training was received entirely in India, 
and, except for a single year, he has 
worked only in his native land. In 1924 
he attendeil the Toronto meeting of the 
British Association and afterwards car- 
ried on his re.searches for some months 
at California Institute of Technology. 

His ])r(*vious hf)nors, which have been 
numerous, include the general presi- 
dency of the Indian Sci(*nee (\uigress 
and fellowship in the Royal Society. 
Knighthood was conferred upon him by 
King (leorge in 1929. India may well 
be proud of Sir Chandrasekhara Ven- 
kata Raman, her first Nobel Laureate in 
science. 


C. J. Davisson 
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THE future of MAN IN THE LIGHT 

OF HIS PAST:' 

THE VIEW-POINT OF AN ARCHEOLOGIST 

By Dr. A. V, KIDDER 

CHAIBMAN or THE DIVISION Or HISTORICAL RESEARCH^ CARNSOIS INSTITUTION Or WASUINOTON 


The archeologist is a hard man to get 
oat of the trenches, by Christmas, or at 
any other season. He finds so much of 
interest underground, and he is so com- 
fortable and so quiet in his contempla- 
tion of the past that he hates to emerge 
to be dazzled and confused by the glare 
and hurry of the present. And as to 
the future, if he can look forward to a 
continuing supply of ruins to excavate, 
he is supremely indifferent. 

That, of course, is just the trouble 
with archeology. When forced to jus- 
tify his existence the archeologist 
solemnly states that one can not 
understand the present without a com- 
prehension of the past. Granted. But 
he is peevishly resentful if it be sug- 
gested that he can not interpret the past 
save in the light of the present. A 
paleontologist, it might be remarked, 
who had never seen a cow or a dog 
would be puzzled to reconstruct from 
the fragmentary and disarticulated 
bones with which he must work the 
appearance of a primitive mammal. 
And so it is very good for a digger to 
be brought out of the ground, to be 

1 Symposium before the American Society 
of Naturalists, develand, Ohio, January 1, 
1931. 


forced to face the meaning of his finds ; 
to take stock and to determine what, if 
any, bearing his labors may have upon 
the present and the future of mankind. 

When I was asked to take part in this 
symposium I felt that for the honor of 
my profession I must above all things 
be scientific. I should naturally have 
liked to assemble some statistics and to 
have topped them off with one of those 
splendid formulas that have Greek let- 
ters in them. But I’ve never been able 
properly to understand the intricacies 
of the statistical method, besides which 
no archeologist can ever bear to contem- 
plate the magnitude of his probable 
error. But I thought that a graph 
would be the next most scientific thing 
I could do. So I made one — on coordi- 
nate paper — ^with abscissae and every- 
thing — ^millennia since the Old Stone 
Age one way, degrees of human progress 
the other. And I plotted on it the course 
of civilization. As I had also recently 
been reading a book on sociology I 
thought I ought to have a spot-map. 
So I made one — on Mercator’s projec- 
tion — a little spot for a humble culture, 
a big spot for a brilliant one, labeled the 
spots vrith the names of the races con- 
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cerned and drew lines between them to 
mark the peregrinations of civilization. 

But when they were all done I found 
it hard to contemplate them with equa- 
nimity, for while, according to my 
graph, there is a comforting general 
rise in the line of civilization, its up- 
ward course is interrupted by drops 
proportionate in violence to the speed 
and height of each preceding peak ; and 
my spot-map indicated that when once 
a people has lost its position at the top 
of the heap it can not hope for future 
preeminence. In other words, my re- 
searches might seem to show that our 
present order is due for a terrific smash 
and that the next rise will be carried on 
by a race other than ours. 

Of course it is pleasant to feel that 
there will be another rise and that civ- 
ilization itself is not necessarily doomed ; 
and perhaps the people who are going 
to be the next overlords will run the 
world more intelligently than we do. 
Nevertheless it is disquieting to consider 
even the temporary break-up of our cul- 
ture or the passing of our race. What 
can we do about it T How can we 
smooth the curve, how eliminate the per- 
haps not inevitable drop, how keep our- 
selves in the cultural running? 

What has happened in the past? It 
is of course the business of the archeolo- 
gists and the historians to find out. 
But they have not done so. At least 
not convincingly. And we do not yet 
know why former civilizations have 
withered, nor do we know why their 
seeds, finding lodgment in new racial 
soil, have almost invariably produced 
stronger cultural offspring. A thou- 
sand explanations have been offered. 
The geneticist attributes slumps to bad 
genes and recoveries to happy combina- 
tions of good ones; the nutritionist sees 
things in terms of vitamins; the epi- 
demiologist in terms of disease; the 
sociologist perceives faults or virtues in 
this or that aspect of social organiza- 


tion. And if all else fail, one can 
always join Ellsworth Huntington in 
feeling for the climatic pulse. 

But it is obvious that no single cause 
can reasonably be held responsible 
either for the rise or for the fall of so 
infinitely complex a thing as a civiliza- 
tion. Civilization seems to grow in re- 
sponse to some unknown but potent 
force which impels all animate creatures 
toward better living — in other words, 
toward more perfect adaptation to their 
physical and social environments. After 
a half-century of research we can not 
honestly be more precise than that. In 
regard to the fall of civilizations we are 
in scarcely better case, but we can per- 
haps so phrase the matter as to pave the 
way for clearer understanding and open 
lines for renewed attack by saying that 
civilizations have fallen because of the 
failure of man to develop a savoir vivre, 
a knowing how to live, proportionate to 
his material achievement. If, from 
Paleolithic times to the present, man 
had been able first clearly to formulate 
and then successfully to solve the social, 
economic and physiological problems 
forced upon him by his growing culture, 
he would not have made the mistakes, 
genetic, sanitary, nutritional, political, 
military which, singly and in various 
combinations, have led to the retrogres- 
sions that have interrupted the steady 
ascent of civilization. The human race, 
it would seem, has always built the ma- 
chinery of living faster than it has 
learned to run it. Which is merely 
another way of saying that it is funda- 
mentally easier to make than it is to 
think. 

And while we are thinking more and 
perhaps even thinking more clearly than 
we have in the past, we appear to be fol- 
lowing exactly the same path as our 
forebears. We are failing, just as they 
did, to develop a social sagacity com- 
parable to our material advance. 

In many ways it would appear that 
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we are even more badly out of balance 
at the present time than we have ever 
been before. This, it goes without say- 
ing, is due to the unprecedented speed 
and scope of physical and biological dis- 
covery. On the physical side, to cite 
but one or two instances, the develop- 
ment of labor saving machinery which 
brought about serious social and eco- 
nomic difficulties a hundred years ago, 
appears to be inducing a second not 
dissimilar crisis to-day. Machine-fos- 
tered mass production, whose minutely 
divided jobs destroy all pride of crafts- 
manship, reduce workers to automatons 
and produce states of mind which the 
industrial psychologists tell us are to 
the last degree unhealthy. Modern 
transportation and communication have 
practically abolished space, bringing 
the peoples of the world into such close 
juxtaposition that racial tensions are 
being set up and racial mixtures are 
going on whose consequences are, to say 
the least, precarious. The biological 
sciences together with biochemistry are 
permitting medicine to reduce infant 
mortality to an unprecedented degree 
and thus allowing to grow to procreative 
maturity countless thousands of weak- 
lings who would not otherwise have sur- 
vived. And so one might indefinitely 
go on. 

I, and the many more able thinkers 
who have dealt with this subject, have, 
as is the habit of Cassandras, stressed 
its darkest aspects. We are prone to 
forget that in the make-up of our 
Frankenstein there is a vast deal that is 
beneficent. But nevertheless his I.Q, is 
still lamentably low, and if he turns and 
rends us it will be because his material 
strength is not tempered by social judg- 
ment. The physical sciences have built 
him a noble and a terrific body, the 
humanistic disciplines have not yet sup- 
plied him with a brain. 

It is thus the failure of students of 
man, rather than the success of research 


workers in physics and chemistry and 
biology, which has brought us to the 
pass which the graph-making archeolo- 
gist views with alarm. It would be 
utterly impossible, even were it desir- 
able, to stay the progress of exact 
science with its inevitable practical 
applications. If for no other reason 
because upon prior findings in physics, 
chemistry and biology must be based all 
real advances in humanistic understand- 
ing. Our task is therefore to bring the 
disciplines which concern themselves 
largely or in part with the less tangible 
aspects of human existence to parity 
with their brethern of the test-tube and 
the breeding-pen. 

How can this be done t I’m not sure. 
The problem has puzzled much better 
brains than mine. But I do believe that 
the first and most important step is 
clearly to visualize and frankly to face 
the colossal task which confronts us. I 
think it is necessary for anthropologists 
and historians and psychologists and 
sociologists to realize that their prob- 
lems are as much harder than those of 
biology, as biological problems are than 
those of physics. Only by grasping the 
fact that the inherent intricacy of their 
subject has made it impossible for them 
to keep pace with the first rush of nine- 
teenth and twentieth century scientific 
achievement with its precise and satis- 
fying findings can they be saved from 
the fatal inferiority complex which has 
really been at the bottom of so much of 
their fiabby thinking. Furthermore, it 
is necessary for them fully to compre- 
hend the difficulty of their task if they 
are to plan a well-advised attack upon 
it. 

The attack has two aspects, the mate- 
rial and the intellectual. On the 
material side we must have more men 
and much greater funds for the support 
of their investigations. In this the 
material sciences have greatly improved 
our prospects, for their achievements 
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have shown so clearly the immense prac- 
tical advantages of research that the 
layman is willing, as never before, to 
provide money for its advancement. 

Granted that it may ultimately be 
possible to apply to the problems of man 
the energies of well paid and adequately 
financed workers, there still remains the 
vastly more important matter of foster- 
ing such intellectual attitudes as will 
permit development of a sound method- 
ology for coping with the intricacies of 
human life. 

In such a statement as this, one is nat- 
urally limited to generalities. One can 
not discuss the interrelation of the vari- 
ous social disciplines. As a matter of 
fact, one of our main troubles is that 
they are not interrelated nearly as 
closely as eventually they must be if we 
are to get forward. We work too much 
in compartments, both in subject matter 
and in our arbitrary divisions of his- 
toric time. Man must be considered in 
all his endlessly complex relationships 
with his fellows and at all periods of his 
existence. To accomplish this it is 
necessary to bring all students of man 
into close intellectual relationship. But 
even if this could be done, the social 
sciences would only be found competent 
to deal with those aspects of human life 
which are in essence extraorganic. 
Man, however, is also an organism and 
his existence is largely conditioned by 
biologic laws. Hence no real progress 
in the understanding of history, in com- 
prehension of the present or in envisage- 
ment of the future can be made without 
knowledge of the action of such laws. 
Some method must therefore be worked 
out for free intercourse between biolo- 
gists and humanists. For the latter it 
is absolutely essential. I also believe 
that it would be of value to biologists, 
particularly to those who give thought 
to the applications of their research to 
human affairs. The findings of biology 
are so concrete and so pleasingly defi- 


nite as regards rats and fruit flies that 
there is a tendency to apply them, lock 
stock and barrel, to the interpretation of 
the infinitely more complex existence 
with which culture has environed man- 
kind. This pitfall has as a rule been 
avoided by the biologists themselves. 
They have realized, as Professor East 
points out so clearly in “Heredity and 
Human Affairs, that extreme caution 
must always be exercised. But the 
pseudo-scientific popular writer discov- 
ers in the results of biology ready mate- 
rial from which to fabricate the most 
ridiculous hash: the Nordic myth, for 
example; certain types of eugenic and 
psychological propaganda ; some of 
which have done serious practical harm 
and all of which have served definitely 
to retard a proper appreciation by the 
intelligent public of the aims and the 
potentialities of those sciences. 

Close association is needed between 
the several social disciplines and be- 
tween that group and the biologists. 
But the theoretical desirability of such 
intercourse is naturally never going to 
bring it about. Every one is too busy 
tilling his own little patch. Only com- 
mon interest in common problems can 
induce true intellectual understanding, 
active cooperation and the essential 
pooling of ideas. 

How these things can best be accom- 
plished I again do not know. But it is 
obvious that joint attack upon single 
fields by groups of workers representing 
many sciences may be expected to 
achieve vastly more significant results 
than the same number of individual 
studies prosecuted, as is usually now the 
case, in widely scattered fields. Ad- 
herence to this principle has led the 
Carnegie Institution of Washington to 
undertake its survey of Yucatan. En- 
gaged in that project are archeologists, 
historians, sociologists; cultural, linguis- 
tic and physical anthropologists, physi- 
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ologists, epidemiologists, botanists, zool- 
ogists, geologists and climatologists. The 
survey is frankly an experiment, but 
it is based on the proposition that only 
by utilizing all possible resources can 
we expect to progress toward analy- 
sis of the vastly complex problems 
which face us in even so relatively sim- 
ple an inquiry as that into the history 
and the present life of the Maya In- 
dians. Further development of this 
closely coordinated type of investigation 
is evidently essential if we are to reach 
understanding of the infinitely more in- 
volved conditions which obtain in our 
own civilization. 

Practically, we should doubtless get 
ahead much faster through sucjh concen- 
trations of effort. We might well ex- 
pect more intelligent collection of data, 
clearer classification and sounder inter- 
pretation. But of even greater impor- 
tance would be, I believe, the breaking 
down of the barriers which modern 
specialization has erected. Specializa- 
tion, of course, is necessary, for it is the 
splitting up of something too large for 


immediate comprehension in its entirety 
to permit intensive consideration of its 
parts. The process, however, implies 
eventual reassembly of those parts and 
ultimate visualization of the whole. It 
is this broad grasp of man’s biological 
make-up, his psychological endowment 
and his cultural overlay which must be 
attained if the social sciences are ade- 
quately to meet their ever-growing re- 
sponsibilities. By making every effort 
to develop thoroughly well-rounded 
researches we can produce the best pos- 
sible medium for the stimulation of 
synthesizing minds, and I am confident 
that under such conditions the human- 
istic Darwins and Einsteins will, in due 
course of time, appear to show us the 
way out of our difficulties. 

I opened pessimistically, but I seem 
to have worked myself into a better 
frame of mind, and I close in the most 
approved Hollywood manner — a fade- 
out of a closely united scientific family 
with a whole litter of little super socio- 
biologists cooing in their cooperative 
cradles. 
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It is not yet given to the sociologist 
to see clearly into the future. And 
when he so ventures he can not see far. 
The astronomer looks with accuracy 
millions of years into the future, we 
think. The paleontologist’s unit is 
large. The biologist’s scale is the gen- 
eration, but he knows that many thou- 
sands of generations may pass without 
appreciable biological change. The 
sociologist, however, is usually content 
to try to predict a few months ahead 
as, for instance, when the business de- 
pression will end, or who will be our 
next President. 

When one looks into the future it is 
well to recall as a sort of precautionary 
measure the scant success that has been 
met by most of those who have been so 
foolish. For instance, that dean of 
science, Simon Newcomb, who could 
predict to the second a future eclipse of 
the sun, wrote in 1903, “The example of 
the bird does not prove that man can fly. 
. . . There are many problems that have 
fascinated mankind since civilization 
began which we have made little or no 
advance in solving. . . . May not our 
mechanicians ... be ultimately forced 
to admit that aerial flight is one of that 
great class of problems with which man 
can never hope to cope, and give up all 
attempts to grapple with it ? Yet just 
two months after Newcomb made this 
remark the Wright Brothers made their 
first flight at Kittyhawk, N. C. The 

1 Cited by Mark Sullivan in his ‘ * Our Times : 
The Turn of the Century,'^ p. 366, from The 
Independent, October 22, 1903. 


scientist may be expected to err on the 
side of conservatism, but hardly H. G. 
Wells, who wrote in his “Anticipations,’^ 
“I must confess that my imagination, 
in spite even of spurring, refuses to see 
any sort of submarine doing anything 
but sulfocating its crew and foundering 
at sea.” The fact that developments 
have occurred which these men said 
could not happen may be taken as an 
encouragement to be bolder. Yet few 
social scientists have ever so dared. I 
did hear, however, of some thirty-one 
predictions made before 1900 regarding 
the development of the ship,* only six 
of which materialized. But even so 
high a percentage of successes as this 
may also be taken as an encouragement 
to proceed. Perhaps my batting aver- 
age will not be so high, and my predic- 
tions may be like those of Mr. Astor, 
who wrote in 1903 that “second story 
sidewalks, composed largely of trans- 
lucent glass, leaving all the present 
street level to vehicles . . . will doubt- 
less have made their appearance in less 
than twenty years.”® 

Yet there have been some responsible 
forecasts that have come true. Francis 
Bonynge,^ for instance, predicted in 
1852 the population of the United States 

2 Cited by Mr. Colum S. GilFillan. 

* Cited by Mark Sullivan in his * ' Our Times : 
The Turn of the Century,'' p. 369, as appear- 
ing in the New York World, May 10, 1903. 

* Francis Bonynge, ‘‘The Future Wealth of 
America, ' ' 1852, cited by P. K. Whelpton, 
“The Population of the United States, 1925 
to 1976,'' American Journal of Sociology, 
p. 254, September, 1928. 
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50 years ahead, decade by decade, within 
an error of 5 per cent. Prediction in 
sociology deals with the environment of 
man rather than with biological man 
himself. Man has an unusual environ- 
ment peculiar to himself alone and not 
characteristic of the lower animals. It 
is the environment which Herbert Spen- 
cer called the superorganic, which Tyler 
called culture, and which Wallas called 
the social heritage. With Eolithic man 
it must have been very small indeed, a 
little large in the time of Chellean man, 
growing slowly up to the last of the men 
of the old Stone Age. With Neolithic 
man it became much bigger and more 
rapidly growing, until in modern time's 
it has become the great thing we call 
civilization in the largest sense of the 
term. The sociologist then looking into 
the future of man tries to see what is 
going to happen to the superorganic, 
this new environment peculiar to man. 

Prediction in sociology rests on two 
methods. One is the simple extension 
of a trend line. But generally such a 
procedure is only approximately reliable 
for even a short time. If the trend is 
a sharply bending one, an extension of 
the curve beyond a few units of the scale 
may quickly take one into absurdities. 
Thus on this basis the ship in seventy- 
five years would be a mile long. The 
compound interest curve can not ever 
go very far in a real world. 

The other method is the projection or 
consideration of the factors that deter- 
mine the particular trend under con- 
sideration. For instance, the factors 
affecting the length of ships would be 
many, among them, length of docks and 
depth of harbor. Again the factors 
making population growth are immigra- 
tion rules, growth of income, medical 
progress, diffusion of birth control, etc. 
So that by the extension of these factors 
forward in the form of birth rates, .dc'ath 
rates, by age and social groups, and by 
other means, the curve of population 
may be projected forward. 


In either case the shorter the exten- 
sion of the curve the less wide the pos- 
sible error. Projections are of course 
always in terms of the units in which 
they are plotted. Thus if the unit is 
a thousand years, then a projection of 
five units would mean a projection for- 
ward of 60,000 months, a very long time 
in months, but a short projection in 
units. 

One curve that has been run back 
with indifferent success for around a 
dozen centuries is the curve of inven- 
tions and scientific discoveries. It is a 
curve bending so sharply upward as 
time goes on, that even if the inadequate 
records of the past get progressively 
worse and enormous numbers are lost, 
it is still thought that the line would be 
one curving upward. 

The projection of this curve shows 
then for the future an increasing num- 
ber of inventions and scientific discov- 
eries. An analysis of some of the fac- 
tors making the curve leads to the same 
conclusions. For instance, the number 
of inventions and the rapidity of their 
occurrence are functions of the number 
of elements in existence out of which in- 
ventions and discoveries are made. And 
generally inventions are not wholly re- 
placements but additions to the total 
supply of elements. In other words, in- 
ventions and scientific discoveries are 
accumulative and as the pile accumu- 
lates, more and more inventions are 
made, since they do not appear to be re- 
stricted seriously by the limitations of 
human wants. 

So in the future environment of man 
one sees an increasing number of inven- 
tions and discoveries, occurring with 
greater rapidity. This of course means 
change. It is customary for us to say 
that we are in a period of transition, im- 
plying that we are changing, amidst 
some confusion no doubt, from a more 
or less stationary past to some future 
condition of quiet and peace. The idea 
is that of a slope from one plateau to 
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another. But it is thought that this 
plateau toward which we are said to 
be moving is a fiction, the creation solely 
of a hope that looks forward to a haven 
of rest. But there appears to be no rest 
ahead for the conservatives, although 
the differences in the significance of the 
inventions seems to mean a somewhat 
undulating movement upward in the 
growth of material culture. Nations 
rise and fall, and peoples carrying a 
civilization shift their relative positions 
toward priority, but for the world as a 
whole the total variety of inventions has 
more or less steadily increased. 

Man, the animal, has problems ahead 
in adaptation to this new environment 
of material culture. Each invention 
means a new problem of adaptation for 
mankind. Women have not yet adapted 
themselves to the tin can, although one 
of their adaptations in part was woman 
suffrage. Families have a problem in 
adapting themselves to contraceptives. 
We are not well adapted to factories. 
Our death rate is still greater in the 
newer cities than in the older rural cul- 
tures. So inventions mean social changes 
and problems of adjustment. The lower 
animals have a simple natural environ- 
ment toward which to make an adapta- 
tion, as was also the case of early man. 
But modern man has a huge cultural en- 
vironment to which he must adapt him- 
self — a huge culture that is whirling 
through time, gaining size and velocity 
as it goes. 

It seems to be something of a strain 
on the young infant to accomplish the 
feat of adaptation to this environment, 
judging by the numbers of problem chil- 
dren and the vast extent of mental dis- 
orders that follow. A young person 
used to get pretty well acquainted with 
his culture by the time he was fifteen or 
sixteen years old, but now infancy and 
education are prolonged and we find 
students in school until their late twen- 
ties or even later. In the future when 


the culture shall have grown much 
bigger and more complex, how shall this 
problem be met? Perhaps by prolong- 
ing infancy to, say, thirty or forty years 
or even longer? 

More probably in the future there will 
be seen fewer attempts to learn it all 
and more attempts to learn only a part 
of what is to be learned. In other words, 
there will be specialists speaking a 
specialist’s language; that is to say, a 
language not very intelligible to the non- 
specialists. It is said that even to-day 
some specialists, to wit, mathematicians 
and geneticists, have difficulty in under- 
standing the language of some of their 
fellow specialists. But there will also 
be another language which these special- 
ists all speak whatever their specialties 
may be. This language will be the prod- 
uct of the standardization and diffusion 
which follows upon the developing 
means of communication, that is to say 
the common language of the movies, the 
radio, the press, the advertisers, tele- 
vision, ready-made clothes, standardized 
goods, etc. 

The great growth of communication 
through inventions in this field has the 
effect of negativing somewhat the afore- 
mentioned tendencies of culture to ac- 
cumulate because it facilitates substitu- 
tion instead of addition. For the earth 
as a whole communication is a leveling 
and simplifying process. Inventions in 
the field of communication then are some 
of the limiting factors that will prevent 
an exponential curve from being carried 
out in reality as it could be done on 
graph paper. 

The society of the future then will be 
one of greater and greater change. And 
as the environment changes the habits 
of man change. Under these conditions 
morality, as it is generally conceived, 
will have no place. For the general 
notion of morality is the following of a 
set of rules or commandments. Such 
commandments can be laid down with 
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great specificity in a stationary society 
where experience leads to guidance in 
minute detail. But in a society under- 
going great change there is little gui- 
dance to be gained from the past. The 
situations that arise are new, and ethical 
conduct is a matter of intelligence and 
forecast; and the fixity and detail of 
right and wrong give way before social 
expediency. 

So also the attitude toward law will 
be very different. Our present ideal is 
that “the law is the law and it must be 
obeyed,’’ though perhaps we do not live 
up to this ideal as well as did the Medcs 
and Persians. But regrettable as it may 
be, law under a changing society can 
hardly have the force it has in a sta- 
tionary society. Under a changing 
society it becomes very difficult to make 
rules that will last and hence that will 
be fully obeyed. It seems also inevitable 
that many rules, i.e., laws, will have to 
be made, because of the velocity and 
bulk of culture. Some of these will be 
experiments and attempts to make men 
form new habits. So then the laws will 
assume less and less of a majestic nature. 
This does not mean of course that there 
will not be penalties ; but rather that the 
divine clement in them will be less and 
the human element more. 

The technological progress, which will 
be advancing even more rapidly in the 
future, will of course not be confined to 
cities, but will spread to the countryside. 
Farm and factory joined together on the 
same land may well be in prospect. 
Where the foodstuffs grown yield by- 
products, factories for obtaining these 
by-products may be located near the 
farms, since electric power will be 
readily available. The folkways and 
manner of living among farmers will 
resemble more what they are in cities. 
Such is the magic of the newer methods 
of communication. Technological prog- 
ress will mean, however, only a slight 
substitution of production in the chem- 


ical industry for production by the soil, 
sun and rain, since the latter are not so 
costly. 

But the technical improvements will 
mean a greater efficiency for the food 
grower, so that fewer and fewer growers 
of foods will feed more and more con- 
sumers. And if population of the 
United States approaches soon the sta- 
tionary point, then we may expect to see 
the sub-marginal lands turned back into 
forests, inhabited by wild game. But 
we shall hardly bring the Red Man back 
into his ancient home, though that would 
bo scant justice. 

It may also be that the cities will lose 
somewhat their identities. City limits 
are becoming less and less significant, 
being broken down by transportation 
systems and other similar agencies. The 
suburbs and the country immediately 
surrounding cities are highly urbanized, 
so that metropolitan regions are really 
replacing cities for certain purposes. In 
the future then the whole nation will 
become urbanized. There will of course 
be large centers where the density of 
population will be great, even though 
the easy distribution of electric power 
will occasion the growth of smaller cen- 
ters. Man is a gregarious animal and 
the conditions of his future environment 
will give expression to this gregarious- 
ness. 

It seems also very probable that the 
society of the future wiU have a some- 
what different organization. Man, like 
the ants and bees, has a highly devel- 
oped social organization, and in the 
future a still higher development is ex- 
pected. The units of organization will 
tend to be much larger, due chiefly to 
the speed of transportation and the facil- 
ity of communication over long dis- 
tances. This statement is not to be 
taken as implying that the size of the 
physical plant will necessarily grow 
larger. There will of course be the 
greatest variety in the sizes of the 
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plants. The ultimate limit of this 
growth of organization is the world 
limit. Even among the smaller organi- 
zations unsuited to such development, 
there will be certain types that will be 
chained into much larger federations. 

It may also be expected that the 
heterogeneity of the future material 
culture will call forth a great variety of 
organizational effort. The simplicity of 
the social organization of pioneer days 
is gone. Organization is a remarkable 
tool for getting things done and the law 
of survival will mean a great organiza- 
tional development, despite some sacri- 
fice of personal liberty and individual- 
ism, characteristics which may have a 
variety of other ways of expression, 
however. How these developments will 
affect the state is not clear. The ten- 
dency, however, seems to be toward 
larger organization, despite the setback 
occasioned by the Treaty of Versailles. 
One also thinks that a simple scheme 
like that of democracy will not be so suc- 
cessfully applicable to an actual distri- 
bution of power among the varieties of 
great organizations. 

The growth of material culture does 
not mean that all property will be thus 
collectively organized. On the contrary, 
there is to be expected a multiplication 
in variety of smaller machines which 
will be personal property and on which 
the single individual will be dependent 
along with the multiplication of large 
machines found in factories on which 
man is so dependent. The pioneer to 
America required remarkably few fab- 
ricated objects, somewhat more, how- 
ever, than the American Indian. But 
now man is dependent upon quite a 
variety : typewriters, fountain pens, 
mechanical pencils, tooth brushes, eye- 
glasses, radios, phonographs, refrigerat- 
ing machines, stoves, watches, clocks, 
automobiles, golf clubs, books, scales, 
brushes, cigar lighters, cigarette cases, 
can openers, sunlight machines, etc., etc. 


It is clear that man has become more 
and more dependent on the smaller ma- 
chines and tools and it is probable that 
the future will see the above list ex- 
tended greatly. Pioneer settlement is 
increasingly diflScult to-day because man 
must carry with him not only a great 
variety of tools, but also a great organi- 
zation which will supply him with prod- 
ucts from the big machines. The lower 
animals that migrate have no tool kit, 
primitive man had only a very small 
one, but modern man must take civiliza- 
tion along with him. 

Technological progress means increase 
in the facility of transforming the prod- 
ucts of the soil of the se^ and the min- 
erals into objects that fulfill man’s 
wishes. Thousands and thousands of 
tools now do this work, and in great 
quantities because of the power from 
coal, oil, wind and water. These dis- 
coveries in power and new discoveries in 
raw materials that can be transformed 
will bring wealth and abolish poverty. 
Malthus saw the geometric increase in 
population, but he never saw the geo- 
metric increase in technology. The 
wealth or poverty of a people is de- 
pendent on three things: the status of 
technology, the supply of natural ma- 
terials to be transformed into useful ob- 
jects and the quantity of people to be 
supplied. 

The future population has been much 
predicted. All are agreed, however, that 
the rate of increase in Western Europe 
and in America is slowing up. It seems 
probable that with the spread of the use 
of contraceptives the Slavic groups will 
also slacken in their rate of increase. 
The Orient and the backward peoples 
may increase more rapidly for a while 
but perhaps there, too, a slowing up is to 
be predicted. In fact, a declining popu- 
lation is altogether a possibility. So 
then with a restricted population, a rap- 
idly growing technology and with per- 
haps a slightly growing base of materials 
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to be transformed, we should expect to 
be untrue the often quoted prediction of 
Jesus — “the poor ye have with you 
always.'’ 

If the use of contraceptives is ex- 
tended radically, it will mean a revolu- 
tion for women and children. There 
has often been discussion of how far the 
birth rate will fall. There is no numer- 
ical conclusion, but the answer is that 
the production of babies, like the pro- 
duction of potatoes, will be governed by 
the law of supply and demand. If the 
production of babies falls very low, the 
value of the baby will rise, according to 
sound economics. This appreciation of 
children will show itself in better kin- 
dergartens, playgrounds, schools. Apart- 
ment house owners will be glad to take 
families with children, but the valuation 
of children may be so great by that time 
that parents will not let them grow up in 
such a hostile environment as a modern 
city apartment. The domesticated ani- 
mal usually has trouble with the breed- 
ing processes and man is no exception. 

With a scarcity of children and the 
wealth that comes from technological 
progress, education in its higher 
branches will be much more nearly uni- 
versal. The spread of higher education 
will be more rapid than the growth of 
vocational opportunities utilizing this 
educational content. The result will be 
that common laborer will be well versed 
in philosophy, and plumbers will discuss 
Aristotle — for they will still be quoting 
Aristotle — as well as members of the 
professions. 

The scarcity of children will mean 
not only that they will be appreciated 
more, but that women who bear children 
will similarly be more highly valued. 
This increased value will command a 
price, and that price will be more op- 
portunity. Under the circumstances 
society will be willing to adjust oflSce 
and factory to part-time work, if indeed 
the hours of labor in the working day 


be not already short enough. Most of 
the differences in the social status of 
men and women can be traced to the 
fact that women not men bear children 
and rear them and as the birthrate falls 
these differences will be lessened. There 
are no peoples known even among 
primitive groups where there is not a 
division of labor between males and 
females, and it may be that some 
division of labor will continue to exist. 
But no society has had the reduction in 
the function of bearing and rearing 
children that the society of the future 
with its schools, nurseries, etc., will 
probably have. 

The family organization will continue 
to lose in the functions it performs un- 
less some new inventions are made that 
will bring industry back into the home. 
Electric power together with a multi- 
tude of electrical machines would seem 
to have the potentialities of restoring 
the home to its former magnificence, if 
it were not for the competition of indus- 
try outside the home. The overhead 
costs of home machines will be a factor 
that must be considered, as truly as the 
efficiency of factory production outside, 
which will continue to increase. It 
seems probable that the decline of the 
social role of the family will continue 
and that its chief functions will be 
affectional and in some instances educa- 
tional. The stability of the family will 
then be as stable as affection is stable. 
And experience seems to indicate that 
affection is somewhat variable, at times 
even fickle. So separations and divorces 
are expect »^d to increase even more than 
at present, particularly in the younger 
years of married life. But the family 
will hardly disappear. No primitive 
people has ever been found, no matter 
how low the scale of culture, that did 
not have a well organized family. Still, 
the society of the future may reduce 
the family functions a good deal more 
than is found among primitive peoples. 
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In the future there will also be a 
really great development of recreation. 
Man’s capacity for recreation is enor- 
mous. But this great development will 
be encouraged because of the specializa- 
tion of labor, the decline of superstitious 
religions, the menace of mental disor- 
ders and growth of economic surplus. 
It is recognized that there are various 
competing forces as in greed, in the love 
of power and in ambition. But they 
have not been for humanity as general 
a disciplinary force as hunger. So 
sports and recreations of all kinds are 
expected to flourish and to be the most 
serious hindrance to the spread of edu- 
cation among adults. 

These then are some of the trends 
which seem probable to a sociologist, 
who necessarily sees the future of man 
in terms of the future of society. 
Spencer conceived of evolution as oc- 
curring on three planes, the inorganic, 
the organic and the superorganic. The 
superorganic is the subject of study of 
the sociologist, and he knows something 
about the nature of its growth and de- 
velopment. Somewhat, though not to 
the same degree of thoroughness, as the 
biologist knows the processes of the 
growth and development of the organic 
realm. The future of the superorganic 
can not be seen with comprehensiveness. 


Only here and there do the probabilities 
of trends seem well marked. The pro- 
jection of these trends into the future 
have been made without considering bio- 
logical evolution. And to a certain 
extent the changes in the superorganic 
are dependent upon the changes in the 
organic. For instance, if babies could 
be grown in bottles as biologists suggest 
as a possibility, this would not be with- 
out effect upon the family. The trends 
pointed out above would be accentuated. 
So also if the injection of a skilfully 
balanced proportion of secretions from 
the ductless glands would at once make 
a man a Christian, then endocrinologists 
would replace preachers and the evolu- 
tion of religion would be profoundly 
affected. Or if biologists could discover 
some way of telling which normals carry 
defective genes, the effect would be pro- 
found for all society. But it hardly 
seems worth while to take time discuss- 
ing the future of a society where men, 
say, are produced synthetically in a 
chemical factory, when the latter event 
is so remote and so improbable. There 
is, however, always the contingency 
that some biologist may come along and 
upset the predictions of the sociologists 
— but it seems more probable that it will 
be an inventor who will do it. 
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Any serious claim to foresee what is 
actually going to happen to the human 
race at any future period is undoubt- 
edly a pretension unworthy of a scien- 
tist. I say this in order that no one will 
make the mistake of believing this sym- 
posium to be an effort at prophecy, with 
the contributors posing as oracles. 
Such vision is given only to statesmen 
and to fundamentalists. 

Estimates of probable trends based on 
past experience, on the other hand, 
have proved useful in all sorts of indus- 
trial pursuits. It would be possible to 
defend our undertaking, therefore, as 
an attempt to utilize available data in 
plotting the course along which man- 
kind is moving, in order to determine, 
as nearly as may be, what lies a little 
further on ; for it might then be possible 
to mark out a new course which would 
lead to a more desirable destination. 
Perhaps this sort of thing is what our 
worthy president had in mind when de- 
vising the program; but I suspect that 
he was subtly planning quite a different 
assembly, in the nature of a clinical 
experiment, with the audience and the 
speakers serving as material. It ought 
to work in this way. Every statement 
that is made should act as a small quan- 
tity of antigen injected into the cerebral 
cortices of the members of the society 
who have been kind enough to attend. 
The production of antibodies should 
take place immediately. In other 
words, each subject will start to think 
about the topic under discussion and 


will perceive at once that the speaker 
has overlooked all of the really impor- 
tant factors in his equation and hence 
has been led to announce decidedly 
erroneous conclusions. I am thoroughly 
in favor of such experiments and hope 
that this one will be successful. 

The first point which each speaker 
has had to determine, I suppose, is the 
period with which to deal. We must 
decide how far into the future we shall 
undertake to extrapolate our curves. 
And if we select different dates this does 
not mean that conditions at the least 
distant one will be pictured most accu- 
rately. It depends upon what variables 
are chosen for consideration. An 
astronomer, dealing with a few precise 
laws of motion, may calculate eclipses a 
million years ahead with a high degree 
of confidence in the accuracy of his 
predictions ; a politician has little 
chance of forecasting the probable 
course of the next election. The soci- 
ologist, therefore, can treat the near 
future most advantageously. The an- 
thropologist can deal with more distant 
epochs. He has one of the attributes of 
deity — a thousand years in his sight are 
but as yesterday when it is past. The 
geneticist stands somewhere in between. 
Perhaps, for him, the year 2500 will 
serve as a convenient date. After all, 
the 570 years between then and now in- 
clude only twenty generations or so — 
twenty new distributions of the genes. 

Wliat, then, will be the probable con- 
dition of the world in the year 2500 f 
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Since there is but half an hour at my 
disposal, I shall confine my speculations 
to three points: (1) the population of 
the world and its genetic constitution; 
(2) the genetic philosophy to which 
this population may be expected to sub- 
scribe, and (3) the probable biological 
discoveries which have genetic aspects. 

The population of the world should be 
about 3,500 millions, or twice the census 
figures of to-day. The last doubling 
took about 90 years; the next doubling 
may be expected to take about 500 
years; and from this point on, there 
should be very little increase. This fig- 
ure will seem small to the imaginative 
geniuses who predict that the chemist 
will abolish agriculture during the next 
century by producing all of our food 
constituents synthetically, or by grow- 
ing particularly tender beefsteaks and 
delicately flavored lamb chops in huge 
vats of culture media. I regret being 
commonplace ; but, having given consid- 
erable thought to potential sources of 
power and raw materials, to the 
efficiency of laboratory processes, and 
to other possible factors in the move 
toward annulling the operations of the 
Malthusian law, I can develop no 
greater enthusiasm over the romantic 
predictions of this type — as, for exam- 
ple, those of the Earl of Birkenhead* — 
than I can over a fresh announcement 
that Congress is going to investigate a 
new perpetual motion machine. 

The chemist will undoubtedly per- 
form many wonders in the near future. 
He will learn how to make the fibers, the 
drugs, the oils, and the other commodi- 
ties which are to-day obtained from 
animals and plants. lie will manufa- 
ture vitamines and hormones. And he 
will be able to produce synthetic carbo- 
hydrates, fats and amino-acids. But 
with the exception of commercially 

* * * The World in 2030, * ' by the Right Hon- 
orable The Earl of Birkenhead, P.C., G.C.S.I., 
D.C.L., LL.D., D.Litt., N. Y., Brewer and 
Warren, 1980. 


hydrolyzed cellulose, these food prod- 
ucts will be laboratory curiosities, for 
the chemist will be unable to obtain 
power and raw material at a sufficiently 
low figure to enable him to compete with 
the private factories run by the lower 
animals and the plants. 

Though the average birthrate for the 
world as a whole will probably continue 
to fall during the next century, no mat- 
ter what conditions are confronted, the 
difficulty of obtaining power at a low 
cost is going to be the determining fac- 
tor in fixing the population limit and in 
setting the pattern of future civiliza- 
tions. 

The oil age will soon pass, and in 500 
years the reserves of worthwhile coal 
will be running low. The ingenuity of 
man will then be taxed to the utmost to 
keep up with the demands for more and 
more power. No doubt he will solve the 
problem after a fashion, though there is 
no good reason to believe that he will 
solve it in a wholly satisfactory manner. 
It does not follow that because man has 
devised means for disposing quickly of 
Nature ^s gifts of fuel, he is thereby 
qualified to invent low-priced substi- 
tutes. The prodigal heir is not usually 
the perfect business man. The extreme 
difficulty of the task is apparent if we 
are not led astray by Birkenhead ^s non- 
sensical dream of unlocking atomic 
energy. There are just five prosaic 
possibilities — water, tides, wind, sun- 
light and earth-heat. Ordinary water 
power, when completely developed, can 
furnish less than ten per cent, of the 
world *s needs. Mankind will have to 
fall back on the other four sources, and 
their utilization will require extraordi- 
narily expensive mechanical equipment. 
I have no idea as to which source will be 
tapped, or how satisfactory the results 
will be, but I am convinced that any 
such method will be decidedly more 
costly than digging coal. Haldane puts 
his trust in wind, though this may be 
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only a simple reflex due to reading the 
London Times. 

For these reasons, it seems likely that 
the world will go on without the radical 
industrial revolutions which so many 
people fondly expect. Agriculture will 
probably continue to be the fundamen- 
tal occupation of mankind for thou- 
sands of years, just as it has been in the 
past. The grave difference between the 
future economic situation and that of 
the present era will be due to the fact 
that agricultural efficiency per man- 
power is working toward the point 
where less than 20 per cent, of the 
world’s inhabitants will be required to 
feed the rest. Industrialization must 
increase proportionately, therefore, in 
order to give occupations to the men 
released from farm work. If this proc- 
ess can go on as far as it is possible, 
theoretically, for it to go, then each per- 
son will be provided with more and 
more mechanical servants and will re- 
ceive greater and greater quantities of 
material comforts. Personally, I am in- 
clined to believe that this trend will 
have reached its peak before 500 years 
have passed, and that then a back-to- 
the-land movement will be required 
because industrialization will have 
reached a period of diminishing returns. 
If the population shall have approached 
a stationary condition before this date, 
no extraordinary economic dislocations 
are to be expected ; but if the population 
should increase to the limits permitted 
by the earlier economic prosperity, it is 
unlikely that violent disturbances can 
be avoided. 

Assuming that the population of the 
earth will have mounted to only 3,500 
millions during the next 500 years, and 
that this increase will have taken place 
under a constant trend toward greater 
industrialization, what will be the situa- 
tion from the genetic point of view^ 

As I see it, the world will be popu- 
lated by hybrid mixtures of all kinds. 


Many relatively pure specimens of the 
yellow race will be found in eastern 
Asia, many similar representatives of 
the white race will be found on the 
other continents, and samples of the 
black race will be found in Africa ; but, 
in the main, the inhabitants of the earth 
will be a rather heterogeneous lot. 
This process has been going on with in- 
creasing rapidity during the immediate 
past, and all signs point to a still higher 
velocity of the reaction in the immediate 
future. 

In order to visualize this trend in 
undistorted perspective, we must take 
into consideration both the sociological 
factors and the artistic factors which 
have an influence in this direction. 

It is especially important to realize 
that, though the world is likely to be 
supporting only 3,500 million people in 
the year 2500, it will probably have a 
population of about 3,000 million by the 
year 2100. At this earlier date, we may 
feel assured that all easily colonizable 
portions of the globe will have become 
fairly densely populated. Most of this 
expansion will be due to the efforts of 
the white race in Africa and in North 
and South America. In these terri- 
tories the struggle for survival between 
the newcomers and the aboriginal in- 
habitants will soon grow more and more 
severe. As racial entities, the blacks 
and the Amerinds will then tend to dis- 
appear. Their remnants will be ab- 
sorbed into the white race. In Asia 
changes will occur of like character 
though not of like degree. Asia already 
contains ^ome 400 million of the so- 
called brown races, which are mixtures 
of at least two, and perhaps of all three, 
of the primary groups. Since they will 
probably be unable to gain any acreage 
which they do not hold to-day, we need 
not consider them further in this con- 
nection. But the yellow race will ex- 
pand to the north and the west, if not 
to the south, and in this expansion there 
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will be a further tendency to unite 
groups having diverse genetic constitu- 
tions. 

There are plenty of solid sociological 
impediments to happy interracial unions 
to-day; but really there are only two 
arguments that have a biological basis. 
There may be whole races that are 
vastly inferior to others. The members 
of the yellow and the white races believe 
that they outrank the black race as 
a whole. The more advanced tribes 
among the negroid group feel that they 
are immensely superior to the pygmies 
and negritoes. The Japanese look down 
upon that Caucasian remnant, the Ainu 
tribe. The Caucasians, as a group, rec- 
ognize no equality with themselves 
among the poor relations of the Mongo- 
lians that they have met here in the 
Western hemisphere. And there is con- 
siderable evidence to support these be- 
liefs. Second, it is possible that some 
races exhibit a genetic incompatibility 
with each other, which causes dishar- 
mony in the anatomy of the resulting 
progeny. Apart from these matters, 
interracial antagonisms are largely a 
matter of ignorance. Can one doubt 
that when the turn of a button on a per- 
fected stereoscopic television radio ap- 
paratus will, for all practical purposes, 
put one in the physical presence of the 
art, the literature and the social customs 
of any given people, all mere prejudices 
will soon break down? 

As I visualize conditions, then, long 
before the year 2500 the heterozygosity 
of mankind will have increased many- 
fold, with all the possibilities for the 
production of ultra-idiots and infra- 
geniuses that such a mixture of genetic 
differences entails. One may assume 
that this situation will bring about some 
very important sociological changes, 
though what they will be is difficult to 
say. I do not believe that national aspi- 
rations will be weakened, for national 
solidarity is not built upon a basis of 


racial homogeneity or of lingual similar- 
ity, but rather upon tradition. Nor do 
I believe that a world union of any kind 
will be promoted. War will probably 
continue to be the great adventure of 
the human race. But, in order to gain 
full satisfaction from the radio-electric 
devices which will be in common use at 
this time, it will be necessary for every 
educated person to be conversant with a 
universal language. This will raise to 
the nth power the possibilities of that 
powerful tool which aligned nations 
against each other during the great war. 
I speak of propaganda. Imagine prop- 
aganda being spread to a thousand 
million television radios throughout the 
world in a language understood by 
every one. It is hard to say whether 
the gain in intellectual liberalism which 
will undoubtedly accrue to our descen- 
dants through better opportunitieii to 
become familiar with world conditions 
will more than offset the increased 
bigotry which will be induced by the 
vast number of lies which they will 
swallow. 

You may ask how such matters relate 
to genetics. Perhaps the connection is 
not particularly close. Yet is it not 
true that propaganda available to every 
nation, indiscriminately, will be liltely 
to break down whatever racial solidarity 
is left at this time? To-day English 
speech is a greater bond than English 
blood. An accepted Esperanto or Ido, 
together with a tenfold increase in 
racial hybridization, will help produce 
political alliances which are now quite 
unlikely. 

Extended racial intermixture during 
the first part of our 570 years will pre- 
pare the way for a second development 
which has the highest genetic interest — 
the adoption of a eugenic social system, 
through necessity, as a move toward 
self-preservation. 

Society has always been stratified. 
Until modern times, this stratification 
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has, nominally, had something to do 
with heredity, though its genetic basis 
was unsound. During the past few cen- 
turies, the division in the more enlight- 
ened countries has been economic. It, 
also, has been genetically unsound. Yet 
both of these arrangements — the feudal 
aristocracy and the capitalistic aristoc- 
racy — ^liave had genetic value in a statis- 
tical sense. Havelock Ellis has shown 
that, during the last three centuries, the 
lower classes in England have produced 
a constantly diminishing supply of 
great men in proportion to their num- 
bers. The great men rose from their 
classes like cream and, like cream, they 
were pasteurized. 

Nations which liave had a great deal 
of racial intermixture have developed 
more extreme caste systems. We need 
not point to India as an exemplification. 
We find a similar disposal of the popu- 
lation in the West Indies, in Mexico, in 
South America. It will follow, as the 
night follows the day, that an almost 
universal policy of racial amalgamation 
will beget an almost universal series of 
caste systems. We hope that they may 
be founded upon genetic principles. If 
they are, there is great hope for the 
future of the human race. If they are 
not, the situation is rather hopeless; 
for, no matter how little average differ- 
ence in physical and mental worth there 
is between races, there is an immense 
spread between the best genetic consti- 
tutions and the worst genetic constitu- 
tions possessed by individuals. 

I need not describe the eugenic 
philosophy which society might well 
adopt now, and which it must adopt 
later if racial decay is to be prevented. 
The laws of selective breeding are suf- 
ficiently well known to all who are here. 
But I must say a few words about the 
practical application of these laws in a 
eugenically-minded society. 

I do not assume that society will 
apply a eugenic totem system to mar- 


riage and reproduction. It is unlikely 
that there will be one set of aristocratic 
gene-carriers and one set of proletarian 
gene-carriers who are not allowed to 
intermarry; for this would be both im- 
practicable and unbiological. Instead, 
every effort will be made to adopt a 
flexible system which will encourage re- 
production among the worthy of all 
economic groups and which will dis- 
courage it among the unworthy. It is 
probable that the discovery of tests for 
detecting carriers of defective genes will 
make the application of such a scheme 
easier than Avould be the case to-day. 
And even if it is impossible to develop 
such tests, it will not be so difficult as 
many people think to work out a policy 
having a reasonable degree of effective- 
ness. In a twenty-sixth century society 
science will rule. The intelligent por- 
tion of the population will then realize 
that it is as much their duty to have a 
certain number of healthy children as 
it is not to have any unhealthy children. 
The unintelligent portion can be kept in 
hand in other ways. It is only neces- 
sary for them to be made to understand 
that unscientific humanitarian ism is a 
bygone relic of the twentieth century, 
and that public aid, suffrage and relief 
from taxation are forthcoming only if 
the eugenic ideals of the state are 
advanced. 

I have no doubt that this type of pro- 
posal will sound silly to most of the 
members of the present generation ; but 
if interracial hybridization becomes as 
wide-spread as I have pictured it, and 
if social 'sterilization of the fittest con- 
tinues as it has in the past, nothing less 
drastic will prevent racial deterioration. 
This conclusion follows because of a 
genetic point which seems to have been 
overlooked by otherwise competent 
writers on the subject. It is this : 
Genes have no immortality per se; they 
must be kept in the living network of 
descent. It is quite true that if it takes 
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10,000 genes to produce a man, then as 
long as there are human beings, each in- 
dividual will possess these 10,000 genes. 
But the difference between genius and 
stupidity may be due to 20 plus genes 
in the one case and to 20 homologous 
minus genes, in the other case, and there 
is nothing to guarantee that any or all 
of these plus genes will not be lost. It 
is by no means certain that the England, 
France and Italj’' of to-day — countries 
of which the United States is a biologi- 
cal part — ^possess all of the genetic 
potentialities which they had during the 
days of the Renaissance, or that Greece 
can have another Periclean Age when 
governmental conditions are favorable. 

In this connection, let me cite a state- 
ment from a paper in the current issue 
of Harper^ s Magazine, Mr. Harold J. 
Laski, who is expert in many lines, dis- 
cusses ‘‘The Limitations of the Expert’^ 
who is expert in only one line. The 
expert, says Laski, “too often, also, fails 
to see his results in their proper per- 
spective. Any one who examines the 
conclusions built, for example, upon the 
use of the intelligence tests will see that 
this is the case. For until we know 
exactly how much of the ability to an- 
swer the questions used as their founda- 
tion is related to differentiated home 
environments, how effectively, that is, 
the experiment is really pure, they can 
not tell us anything. Yet the psycholo- 
gists who accept their results have built 
upon them vast and glittering generali- 
zations, as, for instance, about the men- 
tal quality of the Italian immigrant in 
America ; as though a little common 
sense would not make us suspect conclu- 
sions indicating mental inferiority in 
the people which produced Dante and 
Petrarch, Vico and Machiavelli. Gen- 
eralizations of this kind are merely 
arrogamt; and their failure to see, as 
experts, the a priori dubiety of their 
results, obviously raises grave issues 
about their competence to pronounce 
upon policy.’’ 


This is too much, even from the pro- 
fessor of political science at the Univer- 
sity of London. One would not expect 
Mr. Laski to have learned anything 
about the validity of results secured by 
the intelligence tests. In the first place, 
the work was done in great part by 
Americans; in the second place, Mr. 
Laski long ago took the stand that this 
phase of psychology is “the lunacy of 
a realist,” in which he does not choose 
to believe. But one might expect the 
conclusions to exhibit a little more logic 
and a little less sentimentalism. Mr. 
Laski knows perfectly well that no psy- 
chologist has drawn any inference as to 
the mental capacity of the Italian 
nation from intelligence tests given to 
small groups of Italian emigrants. 
Such conclusions as have been drawn 
are concerned solely with the compara- 
tive ratings of the groups listed. But 
this is not the point to which I wish to 
draw attention. The most recent genius 
cited is a third rate historical philoso- 
pher of the seventeenth century. The 
other three are really great minds of the 
thirteenth, fourteenth and fifteenth cen- 
turies, and have a critical rating in the 
same order as their birth. Other names 
might have been cited. There is no 
gainsaying the preeminence of Italy 
during the Renaissance. But why has 
it not occurred to Mr. Laski that it is 
quite possible that the gene complexes 
which drew the pattern of civilization 
during this period are not now function- 
ing in profuse quantities — in Italy, 
France or England, or, by the same 
token, in the United States? And the 
gentleman talks of arrogant conclu- 
sions ! 

Let us now take a few minutes to 
consider the biological fashions of this 
time 500 years ahead. Its most singu- 
lar feature, according to Haldane, will 
be the production of ectogenic infants. 
In fact, Haldane’s vision of incubating 
artificially fertilized human eggs on 
nutrient solutions has so intrigued 
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Birkenhead that he takes ten pages of 
prophetic scribble to discuss its possi- 
bilities. This is all very well. There is 
a reasonable expectancy that the thing 
may be accomplished. It is also a 
reasonable expectancy that mankind 
will discover how to induce partheno- 
genesis. But there are several good 
psychological reasons for thinking that 
neither of these processes will ever be- 
come popular. Woman will not relin- 
quish the experience of motherhood just 
when science has made it easy for her; 
and man will probably rebel at being 
nothing but a figure of speech. I have 
great respect for biological chemists and 
other workers in applied biology, but I 
think that they will occupy themselves 
along other more practical lines. We 
may mention a few samples, for on this 
phase of future development predictions 
can be made with some degree of con- 
fidence. 

We may assume that parasitic dis- 
eases will be practically eliminated. It 
is no mad optimism to feel that those 
infectious organisms which must have 
human hosts will be extinguished com- 
pletely. But progress along this line 
does not mean that mankind will be 
freed from all fear of disease, or that 
the total span of individual existence 
will be greatly increased. During the 
next half -millennium, it is probable that 
the expectancy of life at birth will rise 
to sixty-five years or thereabouts; but 
there is no likelihood that the streets 
will be cluttered with doddering 
creatures of a hundred and fifty sum- 
mers, as so many people hope. An in- 
crease of fifteen years in the average 
length of human life will be hard 
enough to attain, and will bring to the 
fore a sufficient number of difficult 
sociological problems; an increase of 
double this amount would dislocate 
society completely. And, no matter 
how efficiently parasitism is controlled, 
there will be plenty of troublesome 


pathological conditions remaining. In 
fact, new diseases will develop as indus- 
trial and sociological changes occur. 
No amount of progress in pathology will 
prevent our internal organs from wear- 
ing out; so that if we escape gout and 
rheumjitism and cirrhosis, we shall drop 
of heart disease after ten years of senile 
dementia, anyway. Nevertheless, our 
descendants can expect a reasonably 
long life which is relatively free from 
disability, which will be a good thing 
for the individual. They must also ex- 
pect that many will be born who ought 
not to have been born, and that many 
will live to reproduce who ought to die 
— which will be a bad thing for the 
group. 

Wo may also expect to have various 
and sundry pills invented which will 
overcome the ill effects of non-funetion- 
ing organs. What insulin has done for 
diabetes, we may expect idiotin to do for 
feeble-mindedness. We shall have ostin 
for cleft palate, op tin for color blind- 
ness, epileptin for epilepsy, and so on 
down the list. We shall thus have a 
period in which we save so many defec- 
tives that they may breed double and 
triple defectives; that the chief occupa- 
tion of humanity will be dosing one 
another. 

I am inclined to believe that these 
medical and chemical discoveries, com- 
ing thick and fast, will, indirectly, be 
the means of bringing the human race 
to see the essential soundness of eugenie 
philosophy. It will become absolutely 
necessary to call a halt on all blindly 
humanitarian impulses, and to adopt a 
wlioliy licw policy. Such discoveries as 
I have just described will make it ap- 
parent to every one that natural selec- 
tion can not be balked at every turn 
without serious consequences. They 
will make our descendants ‘‘eugenicon- 
scious,’’ as writers of advertising copy 
would say. 

Again, we shall learn to synthesize 
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the various hormones. This advance, 
like all the others, will have both its 
advantages and its disadvantages. 
Much good will come from it when we 
learn how to supplement nature in a 
sensible way, a way that will bring 
about a fuller, happier life. But one 
foresees trouble ahead, with near- 
Methuselahs of both sexes ranting 
around in quest of a second dispensa- 
tion of youth, until such time as they 
learn that the peace and quiet of a dig- 
nified old age has its favorable aspects. 

Another change that is virtually cer- 
tain to come is the control of reproduc- 
tion in a strictly biological way. One 
may expect to see such methods per- 


fected within the next half-century. 
There are several possibilities. I am 
inclined to think that the most practical 
will be the control of ovulation. If 
this device has any disagreeable psycho- 
logical effects, then ways will be found 
for producing spermatoxins or for steri- 
lizing the male temporarily. 

One might continue to speculate thus 
almost indefinitely. And it is an amus- 
ing pastime which does no one any 
harm. Moreover, some such changes as 
we have outlined are certain to take 
place, though we can not describe them 
with any great precision. It is a pity 
that we can not return to see just what 
they are. 
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Introduction 

Various attempts have been made to 
estimate the age of the earth. We may 
refer to the methods used as astronom- 
ical, physical or geological depending 
upon the hypotheses and data involved. 
They are all useful scientifically in that 
we gain some basis of assurance that the 
underlying hypotheses may have some 
truth in them if by considering the same 
“age” they give reasonably concordant 
results. In the problem of the “age of 
the earth” it is essential that we have 
a clear conception of what the term 
“age” means in any particular case, 
otherwise apparently discordant results 
may lead one to condemn unjustifiably 
both the results and the methods, 
whereas the chief source of difficulty 
may be in the fact that measurements 
are made from very different starting 
points. 

In the astronomical problem the age 
may mean the time that elapsed since 
the earth separated from the sun and 
this in turn involves the hypothesis that 
the earth did separate from the sun and 
the manner in which it may have hap- 
pened. In the physical problem pro- 
posed by Kelvin it is the time that 
elapsed since the crust began to solidify 
and this involves the hypothesis of cool- 

1 At the request of the editor the author pre- 
pared this popular presentation of the radio- 
activity methods. It is based on a part of 
his work which was the outcome of cooperative 
work of the subcommittee of the National Re- 
search Council. This committee has now in 
the course of publication a bulletin entitled 
‘‘The Age of the Earth'* and contains parts 
written by the individual members. The com- 
mittee are Ernest W. Brown, Arthur Holmes, 
Alois P. Kovarik, A. C. Lane, Charles Schu- 
ehert, and Adolf Knopf, chairman. 


ing. The data involved are the original 
temperature and the rate of cooling. 
Kelvin ^s handling of the problem left 
little to criticize in the method itself 
until we learned that radium is found 
in practically all materials of the earth ^s 
crust and that the rays emitted by 
radium produce heat when absorbed. 
It was then learned that the earth should 
be getting hotter instead of colder if 
radium were distributed throughout the 
earth in quantity averaging per unit 
mass the amount found as an average in 
the surface materials. Evidently, we 
are confronted with the necessity of 
greater experimental knowledge about 
the temperature, the pressure and the 
constitution of the interior of the earth 
in order to make this method really use- 
ful. In the geologists^ problem the age 
is called by them geologic time, i.e,, the 
time that elapsed since the beginning of 
the oldest known formation. This age 
is subdivided into various subdivisions 
and, it is of great interest to the geolo- 
gist to get the lengths of these subdivi- 
sions in years. The geologists for more 
than a century have followed a sound 
principle in estimating this age, namely, 
by studying the extent of the existing 
formations and the rate of production 
(and also destruction) of similar rocks 
as th'‘ jirocess is going on to-day. There 
are many difficulties encountered in 
these studies and the probable error is 
quite great ; nevertheless, when all things 
are considered the order of magnitude 
of the age obtained should be correct. 

Radioactivity 

Confining our problem to the limits 
set up by the geologist we may hope to 
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get a reasonable answer to onr question 
about the age of a geological formation 
by studying the radioactive minerals in 
such a formation. We shall see that one 
of the radioactivity methods presents a 
great probability of success in estimat- 
ing the age of the formation by deducing 
the age of a primary radioactive mineral 
from the formation. A radioactive 
mineral is so called because it contains 
radioactive substances. A radioactive 
element, e.g., radium, is an element 
whose atoms disintegrate and change 
into atoms of another element and the 
disintegration of the atom is accom- 
panied by emission of a radiation from 
the disintegrating atom: either (1) an 
alpha ray which has been proven to be 
the nucleus of a helium atom or (2) a 
beta ray which has been proven to be an 
electron and either of these radiations 
may be accompanied by a third radia- 
tion, an electromagnetic radiation, 
called the gamma ray. The emission of 


the alpha ray or of the beta ray con- 
stitutes the basic change in the consti- 
tution of the nucleus of the atom so that 
when the remaining material parts and 
energies are rearranged to be in equi- 
librium we have a new atom lighter in 
weight and of a new nuclear constitu- 
tion and possessing new chemical proper- 
ties. This phenomenon of disintegra- 
tion noticed in the case of these elements 
is called the radioactivity of the element 
and the branch of science embracing 
these and related phenomena bears the 
name of radioactivity. 

The fundamental quantitative law of 
radioactivity may be stated as follows: 
the rate of disintegration depends on the 
number of atoms and on the nature of 
the radioactive element and the ratio of 
the number of atoms disintegrating per 
second to the number of atoms of the 
radioactive element equals a constant 
which constant is different for each 
radioactive element and, therefore, char- 
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acterizes the radioactive element. These 
constants are known for the various 
radioactive elements. In symbols the 
law may be given as follows : 

dN 


where represents the number of 

atoms disintegrating per second ; N, the 
number of atoms; A, the characteristic 
disintegration constant of the particular 
radioactive element under consideration 
and the minus sign indicates that N 
decreases in value with time. If No is 
the number of atoms at the beginning 
and N the number after some time t, 
then by integrating the above expression 
we get a relation between N and No 
as follows: 

-U 

N = No£ 

where e is the base of the Naperian (or 
natural) logarithms. This relation con- 
nects the amounts of a radioactive sub- 
stance at the beginning and at the end 
of an interval of time. We see, there- 
fore, that the phenomenon of disinte- 
gration of a radioactive element fur- 
nishes us, so to speak, a clock by means 
of which time can be measured. We 
shall later refer to this matter. 

An atom which has disintegrated 
leaves behind matter and internal en- 
ergy which, after rearrangement of its 
parts, becomes the new atom. This new 
atom may likewise be radioactive and it 
is found by studying all the radioactive 
elements known that they can be ar- 
ranged into three series, called the 
uranium-radium series, the actinium 
series and the thorium series. The head 
of the uranium-radium series is uranium 
I, of the actinium series it is actino- 
uranium, and of the thorium series it is 
thorium. Every radioactive atom within 
any one of these three series is formed 
from the atom preceding it in the series 


and it follows, therefore, that when one 
atom of the head of a series disintegrates 
there will be formed in due time one 
atom of every one of the radioactive ele- 
ments of that series and that ultimately 
one atom will be formed of that product 
into which the last radioactive element 
of the series disintegrates. In the 
uranium-radium series the last radio- 
active element of the scries is polonium, 
and its atoms disintegrate into atoms of 
a non-radioactive element called radium 
G. The ultimate non-radioactive ele- 
ment of the thorium series is called 
thorium D and of the actinium series, 
actinium D. The non-radioactive end 
products of the three series are all iso- 
topes of ordinary lead. 

IsoTOPY AND Atomic Structure 

It seems expedient to digress a little 
more at this time and make clear the 
meaning of isotopes, inasmuch as the 
method to be described as the best radio- 
activity method for the determination of 
the age of a radioactive mineral de- 
mands a knowledge of the isotopes of 
lead. Mendel6eff arranged the known 
chemical elements in a periodic system 
according to the chemical properties of 
the elements. There was one element 
for each place (excepting those places 
for which elements had not been dis- 
covered). When Boltwood announced 
the discovery of ionium, the radioactive 
element whose atoms after disintegra- 
tion form atoms of radium, he also an- 
nounced the important fact that ionium 
and thorium have exactly the same 
chemif il properties and that he could 
not separate them from each other by 
any known chemical means, i.e., ionium 
and thorium, once mixed, were found to 
be chemically inseparable. 

This work of Boltwood indicating two 
elements in the same place in Men- 
del4eff ’s table formed the basis of much 
further investigation by chemists and 
physicists bringing forth other discover- 
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ies of a similar character and ultimately 
leading to the establishment of the new 
branch of science, called Isotopy, which 
is so important in to-day ^s physical and 
chemical researches. The word isotope 
was coined by Soddy, who contributed 
much to the subject, and is derived from 
two Greek words isos and topos^ mean- 
ing same place, and designates elements 
which have the same chemical properties 
and occupy the same place in the peri- 
odic table. 

The researches in other fields, particu- 
larly in the study of the Kdntgen rays 
and the scattering of alpha rays by the 
atoms of various elements, have brought 
forth very important results bearing on 
the structure of the atom and on the 
position of the elements in the periodic 
table. We can not go into these re- 
searches here but a few of the conclu- 
sions from them should be noted in order 
to understand the diagrams given for 
the radioactive elements. 


The first general conclusion concerns 
the general structure of any atom. It 
is due to Rutherford and to Bohr. Any 
atom has a central portion called the 
nucleus which possesses nearly the whole 
mass of the atom, which is very small 
compared to the size of the atom and 
which is electrically charged positively. 
Outside the nucleus are the negative 
electrons, as many in number as are 
necessary to equal the positive charge 
of the nucleus to make the atom neutral, 
moving in some kind of orbits and are 
located in definite “energy levels. “ If 
an electron has left its particular energy 
level, for any reason whatever, and some 
other electron from outside the atom or 
from some energy level outside of the 
one in which there is a “ vacancy, “ then 
during this transition of the seeond 
electron, and due to it, a radiation of 
visible or invisible light is emitted by 
the atom and its wave-length is a defi- 
nite one and depends on the amount of 
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the change of the energy levels. This 
forms the basis for the modern theoret- 
ical spectroscopy. The electrons in the 
part of the atom outside the nucleus are 
also responsible for the ‘Walency’’ of 
the elements in chemical combinations. 

Later the work of Moseley on charac- 
teristic x-rays of various elements and 
that of Chadwick on the scattering of 
alpha particles by atoms of copper, 
silver and platinum showed a connec- 
tion between the charge of the nucleus 
and the position of the element in the 
periodic table. If we take the electron 
(positive or negative) as the unit of 
charge of electricity, then this relation 
is that the number of the electron units 
of charge of the nucleus is the number 
of the position of the element in the 
periodic table, i.e., if e represents the 
charge of electricity, properly called the 

electron, le, 2e, 3e, 29e, 92e 

are the respective charges of the nuclei 
of hydrogen, helium, lithium, cop- 
per, uranium and the numbers 1, 

2, 3, — 29, — 92 represent the positions 
of these elements in the periodic table in 
which they are arranged according to 
their chemical properties, beginning 
with the lightest, the hydrogen atom 
and proceeding to the heaviest, the 
uranium atom. The numbers, 1 to 92, 
are called the atomic numbers. Inci- 
dentally, these numbers also give us the 
number of (negative) electrons in the 
part of the atom which is outside the 
nucleus. 

The second important fact which we 
must note is the Displacement Law and 
this concerns the positions of the radio- 
active elements in the periodic table. 
The law is due to Soddy and to Pajans. 
It was obtained by studying the chem- 
ical properties of radioactive elements 
and placing the elements in the periodic 
table. It was then found that after the 
disintegration the new atom which was 
formed occupied a place in the periodic 
table whose atomic number was smaller 


by two or larger by one than that of the 
disintegrating radioactive atom, depend- 
ing upon the fact whether an alpha ray 
or a beta ray was emitted. On the 
present knowledge of the atomic struc- 
ture, this is comprehended when we bear 
in mind that if the alpha ray leaves a 
nucleus, the positive charge of the nu- 
cleus is made smaller by plus 2, namely 
the double positive eharge of an alpha 
particle, and if the beta ray (electron) 
leaves the nucleus, the positive charge 
of the nucleus is made smaller by minus 
1, namely the negative single charge of 
an electron, i.e., it becomes more posi- 
tively charged by one unit. Hence, the 
atomic number in the former case is two 
less than that of the disintegrating atom 
and in the latter case it is one more. 
Since the atomic number is also the 
number of the element in the table it 
explains the position of the new radio- 
active element formed after disinte- 
gration. 

The atomic weight of the new atom is 
less by the loss by radiation and this is 
approximately 4 units less when an 
alpha ray is emitted and is negligibly 
less (electron's mass being small) when 
a beta ray is emitted. These considera- 
tions will help in understanding the 
charts giving the atomic numbers and 
atomic weights which are given only as 
whole numbers. 

It will bo noticed that the end prod- 
ucts — the non-radioactive elements — of 
the three series, radium O, actinium D 
and thorium D, respectively, are all of 
atomic number 82 which is also the 
atomic lumber of ordinary lead. They 
are the isotopes of ordinary lead. Their 
atomic weights are, respectively, 206, 
207 and 208, while that of the ordinary 
lead is 207.2. 

It is to be noted, therefore, that the 
chemical processes which separate ordi- 
nary lead from the mineral will simul- 
taneously separate all these isotopes, if 
present, with the ordinary lead and the 
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lead so obtained will be a mixture’’ of 
all of them with an atomic weight de- 
pending on the amounts and the atomic 
weights of the various constituents. 

Radioactive Methods op Cal- 
culating THE Age 

The Helium Method: There are three 
proposed radioactive methods of deter- 
mining the age. The oldest is referred 
to as the helium method. It was first 
proposed by Sir Ernest Rutherford, in 
1904, in an address before the Interna- 
tional Congress of Arts and Sciences in 
St. Louis. Helium is found in every 
radioactive mineral, in fact terrestrial 
helium was discovered in such a mineral. 
It is the resjult of the accumulation of 
alpha particles emitted by the various 
alpha ray emitting radioactive elements 
present in the mineral, and each of these 
alpha particles is the nucleus of a helium 
atom and on capturing a couple of elec- 


trons becomes a helium atom. It is evi- 
dent that if we know the amounts of 
alpha ray emitting elements present 
and also their disintegration constants 
and the total amount of helium in the 
mineral, we can calculate the time it 
took to accumulate this amount of 
helium. However, helium being a gas, 
there is a great probability of loss by 
leakage, and the calculated time can, 
therefore, represent only a ‘‘minimum” 
age of the mineral. It may be of inter- 
est to note that the Berlin physical 
chemist, Paneth, recently applied this 
method in studying meteorites. The age 
he deduced for these extraterrestrial 
visitors to our earth is of the order of 
2 to 3 billion years. 

Pleochroic Halo Method: Another 
radioactivity method is based on the 
coloration of pleochroic halos found, for 
example, in biotite and fluorspar. It is 
due to Joly and Rutherford. It has 
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been shown that in general the radii of 
the halos correspond to the ranges of the 
alpha particles from the radioactive sub- 
stances imprisoned with the central in- 
clusion, which is generally zircon. The 
coloration is an effect of ionization by 
the alpha particles. If we irradiate the 
same material which contains the halos, 
mica, with alpha particles from a 
known strong source and allow this to 
go on until the same shade of color is 
produced in the mica as is found in the 
halo, then the product of the number of 
alpha particles incident and the time 
of irradiation will equal the product of 
the much smaller number of alpha par- 
ticles emitted from the inclusion in the 
halo and the geological (long) time to 
form the halo. The geological time can 
be obtained if we can estimate the 
strength of the radioactive element in 
the halo, provided, also, no other agent 
alters the coloration during the geolog- 
ical time. The fact is that it has been 
shown by experiments that both heat 
and prolonged ionization can alter the 
color — even producing “bleaching.*' 
Furthermore, the amount of radio- 
active material in the inclusion can not 
be accurately determined. Conse- 
quently, the method is not accurate nor 
dependable for age determinations. 

Boltwood^s Lead Content Method: 
The third method is one which offers the 
greatest promise of success. It is due 
to Boltwood.* Boltwood discovered, in 
1907, the radioactive element ionium, 
the parent of radium, in his attempts to 
find proof of the disintegration theory 
of Rutherford and Soddy (advanced in 
1903). He also gave attention to the 
ultimate disintegration products of the 
uranium-radium series and observed 
that all minerals containing uranium 
also contained lead, and came to the 

* Bertram Borden Boltwood (1870-1927), pro- 
fessor of radio-chemistry, Yale University. See 
memoir in American Journal of Science, 1928, 
or forthcoming memoir of the National Acad- 
emy of Sciences. 


conclusion that lead was the final disin- 
tegration product of uranium. This 
was the first time that the idea was 
advanced that the final disintegration 
product of the uranium-radium series is 
lead. He found, however, that the 
amount of lead per gram of uranium in 
the mineral varied in different minerals. 
He arranged the minerals according to 
the lead-to-uranium content and drew 
attention to the fact that the increasing 
value of the ratio corresponded to the 
increasing age of the geological forma- 
tion in which the mineral was found. 
To get this “age” expressible in years 
he assumed all of the lead to be the 
result of the disintegration of uranium. 
Knowing the rate of disintegration of a 
known amount of uranium, the rate of 
formation of the lead becomes known, 
and the age can be obtained. 

In order to understand the process of 
reasoning that Boltwood followed — and 
this is necessary if we are to understand 
the complete method given below — let 
us assume a primary mineral containing 
originally only uranium as a radioactive 
substance. Let it be understood that 
no alteration of the mineral has taken 
place, except such alteration as is due 
to radioactive changes. The chemical 
analysis of such a mineral will give us 
the present amount of uranium in it 
and also the amount of lead per given 
amount of the mineral (generally ex- 
pressed per 100 grams mineral) 
Knowing the present amount of ura- 
nium and the disintegration constant of 
uranium we could calculate the original 
amount of uranium if we knew the time 
elapsed, i.e,, the age of the mineral — or 
we can express the number of uranium 
atoms which disintegrated during that 
time in terms of the time by using the 
equations given above. Now, every 
atom of uranium which disintegrates 
becomes ultimately an atom of the end 
product, radium G. If this end prod- 
uct is the lead found — as Boltwood sup- 
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posed — ^we can tell from its amount the 
number of its atoms and this number 
must be equal to the number of uranium 
atoms which disintegrated. Hence we 
can put the number of atoms of lead 
equal to the expression giving us the 
number of uranium atoms disintegrated 
— an expression involving the known 
amount of uranium found, the known 
disintegration constant and the un- 
known time during which the disinte- 
gration took place. This equation can 
be solved for the time. This is correct 
and would be suflScient were it not for 
the fact that every radioactive mineral 
contains radioactive elements of all the 
three series, and may have contained 
originally (and therefore also at the 
time of the analysis) ordinary lead for 
the same reason that it contained ura- 
nium. That end products of the three 
series are isotopes of lead was shown by 
Richards, Ilonigschmid and other noted 
chemists. 

Complete Solution 

It is, therefore, evident that Bolt- 
wood’s simple calculations of the age of 
the mineral must be modified to take 
into account the above-mentioned facts. 
The importance of taking thorium and 
its end product into consideration was 
soon realized because a vast number of 
uranium-bearing minerals contain also 
an important amount of thorium. Re- 
garding actinium we knew too little of 
its real origin until about a year ago, 
but it now seems certain that the 
actinium series originates in an isotope 
of uranium, called actino-uranium, and 
that its end product is of an atomic 
weight 207, whereas radium G is 206, 
thorium D, 208, and ordinary lead, 
207.2. Most of the calculations made, 
heretofore, ignored the presence of ordi- 
nary lead and disregarded actinium D, 
with the result that some confusion has 
been brought about. It is certain that 
the pitchblende from Jachymov (Joach- 
imsthal, Czechoslovakia) — ^the mineral 


in which Madame Curie discovered 
radium — may contain ordinary lead 
because ordinary lead occurs in the 
same veins from which the pitchblende 
is obtained. If this is true of a par- 
ticular pitchblende, why should we 
assume that it may not be true of other 
pitchblendes, except as to the amount of 
the ordinary lead? 

With regard to actinium D it was 
supposed to be only 3 per cent, of 
radium G since actinium to uranium 
ratio in some minerals, accurately deter- 
mined, show this ratio and actinium was 
supposed to branch off the uranium 
and, therefore, actinium D and radium Q 
would be formed at these relative rates* 
Since the recent evidence points to the 
origin of the actinium series from an 
independent isotope of uranium, actino- 
uranium, whose disintegration is much 
more rapid than that of uranium, it is 
evident that the amount of actinium D, 
compared with the amount of radium 
G, may be much greater than 3 per cent* 
and will be greater the older the min- 
eral. For these reasons the formulation 
of the basic equations which will give us 
the time, i.e., the age of the mineral, 
must take regard of the possible pres- 
ence of ordinary lead as well as of 
actinium D. 

The basis for the formulation of the 
necessary equations is given in words 
by stating the following three funda- 
mental facts:* 

I. The sum of the masses of radium 
G (atomic weight, 206), actinium D 
(atomic weight, 207), thorium D 
(atomic weight, 208) and ordinary lead 
(atomic weight, 207.20) equals the mass 
of lead of atomic weight. A, found in 
the mineral. 

II. The sum of the number of atoms 
of radium G, actinium D, thorium D 
and ordinary lead equals the number of 

• A. F. Kovarik, * * Basis for the Calculation 
of the Age of Badioactive Minerals,’' Am* J* 
Soi* [5] 20; 81-100 (1930). 
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atoms of lead of atomic weight, A, 
found in the mineral. 

III. The number of atoms of the 
parent substance, disintegrating in each 
of the above cases, results ultimately in 
the same number of atoms of the end 
product, which is an isotope of lead. 

These three statements can be put 
into the form of algebraical equations. 
The third statement will give the num- 
ber of atoms (or mass, if d(3sired) of the 
end product in terms of the number of 
atoms (or mass) of the parent sub- 
stance found in the analysis and in 
terms of the time. It is in the equa- 
tions derived from this statement that 
^Hime’* enters into all of our equations 
and into the final formula. It is here 
that the ‘‘radioactivity clock measures 
the time during which the observed 
changes of uranium atoms into radium 
G atoms, of actino-uranium atoms into 
actinium D atoms and of thorium atoms 
into thorium D atoms take place, and 
these changes are put into a quantita- 
tive form by the first two statements. 
The parent substances are uranium, 
thorium and actino-uranium. The first 
two can be readily determined by the 
chemical analysis of the mineral; the 
actino-uranium, being an isotope of 
uranium, presents difficulties of direct 
determination but can be determined 
indirectly by measuring the ratio of the 
amount of actinium (which would be in 
a radioactive equilibrium with the 
actino-uranium) to that of uranium. 

Consequently, when a proper primary 
mineral is chemically analyzed and for 
a known amount of the mineral the 
amounts of uranium, thorium and lead 
are determined and in addition the 
atomic weight of the lead and the ratio 
of the actinium to uranium are also 
determined, then with the further 
knowledge of the atomic weights and 
the disintegration constants of* the 
radioactive elements, our equations 
make it possible to obtain time, the age 


of the mineral, and also the amount of 
ordinary lead. 

It may be surprising to learn that 
although age calculations have been 
going on for twenty years, yet there is 
not a single case of a mineral for which 
we have a complete set of data. We 
have many giving us the relative 
amounts of uranium, thorium and lead 
but no atomic weight of the lead. We 
have a certain number of excellent 
analyses which include the atomic 
weight determination but which lack 
the actinium to uranium ratio while 
those giving excellent determinations of 
this ratio lack all the rest of the data. 
It would seem, therefore, that while we 
have the means of obtaining aa answer 
to our problem, we lack some of the 
data necessary for a complete solution. 
It is evident, therefore, that further 
work on the analyses is necessary and 
that these analyses should be made on 
the same specimen and a complete set of 
data should be obtained. However, we 
can circumvent the difiSculty and obtain 
a fairly accurate determination of the 
time and yet take into account the pos- 
sible presence of ordinary lead and 
reasonably accurately also account for 
the actinium D. This can be done since 
the atomic weight of actinium D is 
nearly the same as that of ordinary lead. 
It is done by considering the actinium 
series as if it were a branch off the ura- 
nium radium series — as was supposed to 
be the case until very recently. In this 
case the term involving radium G will 
involve n part of actinium D and the 
term involving ordinary lead will in- 
volve the rest of the actinium D, except 
for the error brought about in the num- 
ber of atoms (atomic weight, 207.2) 
used instead of some other number of 
atoms (atomic weight, 207). Because 

4 A. F. Kovarik, ‘‘Actino-uranium and the 
Actinium to Uranium Katio,'' Sotenoe 72: 
122-126 (1930). 
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the amount of actinium D is not nearly 
so large as radium G, the error so intro- 
duced is not large. The equations set 
up for this case will involve only such 
data as we possess at the present time. 
The formulae can be put into practical 
form for numerical solutions. Applied 
to the two oldest minerals, namely, a 
uraninite from Keystone, South Dakota, 
and to a uraninite from Sinyaya Pala, 
Carelia, U. 8. S. R., we obtained, respec- 
tively, 1,465 million years and 1,852 
million years for the ages of these two 
minerals. Various uranium-bearing 


minerals from Norway give values 
ranging from 825 to 986 million years. 
It may be needless to add that when we 
have a complete set of data the equa- 
tions derived from the above three state- 
ments of facts furnish the correct 
solution of the problem of the age of the 
mineral. The 1,852 million years rep- 
resent a minimum measure of the age of 
the earth. The ages of the other min- 
erals are, of course, in no conflict with 
this value because they represent the 
ages of respective formations which are 
geologically younger. 



WHAT IS NEW IN MATHEMATICS?’ 
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To ask ‘‘What is new in mathemat- 
ics?’’ may seem to many of you like a 
foolish question. How can there be 
anything new in mathematics? How 
can two plus two be anything else than 
four? How can there be any new 
changes in so old a subject as mathe- 
matics? 

Well, in one sense mathematics does 
not change. Whatever is once estab- 
lished as a mathematical truth is true 
for all time. The Pythagorean theorem 
about the square on the hypotenuse of a 
right triangle is just as true to-day as 
it was in the days of Pythagoras, twenty- 
five centuries ago, and it will remain 
equally true twenty-five centuries hence. 
Once true, always true, in mathematics; 
and in that sense, mathematics does not 
change. 

But in another sense mathematics is 
changing enormously and with astonish- 
ing rapidity. New mathematical truths 
are discovered every year. The old 
truths are not discarded, but whole new 
branches of mathematics are constantly 
being developed. Mathematics is no 
longer a single science, but rather a 
great collection of sciences, so vast in ex- 
tent that no one man can hope to master 
more than a small fraction of the field. 
The growth has been so rapid that even 
expert mathematicians working in dif- 
ferent branches may be entirely ig- 
norant of other mathematicians’ results. 
No science is expanding more rapidly in 
the modern world than the old, old sci- 
ence of mathematics. 

When the present president of Har- 
vard University was a student in college 
he could take, and did take, every course 
that was offered in mathematics, on top 
of all the regular courses required for a 

lA radio talk presented under the auspices 
of The National Besearch Council. 


general education. To-day, the mathe- 
matical courses offered at this one uni- 
versity would take seven or eight years 
of continuous work to complete, and 
even all these courses would give merely 
an introduction to the vast realm of 
mathematical knowledge. In every civi- 
lized country flourishing mathematical 
societies, whose total membership runs 
into tens of thousands, are actively 
pursuing the newest developments in 
advanced mathematics, and scores of 
mathematical journals are devoting 
thomsolvcs exclusively to the publica- 
tion of these new discoveries. 

A few decades ago, the high water 
mark of a university course in mathe- 
matics was the differential and integral 
calculus, and only a few exceptional stu- 
dents ever dared to rise to such dizzy 
heights. To-day the calculus is merely 
the starting point in college mathe- 
matics. In Harvard University alone 
over 500 students elect a course in calcu- 
lus every year — most of them in their 
freshman year. In the country at 
large there are probably half a million 
people who have studied the calculus, 
and half a million more who appreciate 
how valuable a knowledge of the calcu- 
lus would be to them if they had it. 

What a change this is over a century 
ago ! Mathematics is no longer re- 
garded as hopelessly difficult; and stu- 
dents Aviio specialize in mathematics — 
even in its higher branches — are no 
longer regarded as hopelessly “queer.” 
What is the reason for this change ? A 
large and increasing number of people 
have discovered two things about higher 
mathematics ; first, that it is useful, and, 
second, that it is beautiful. When any 
branch of study is found to be useful 
and beautiful, it is bound to become 
popular. 
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First, mathematics is useful. 

Of course as far as the elementary 
branches are concerned, the usefulness 
of mathematics has long been admitted. 
Every one who makes out an income-tax 
return recognizes the necessity for a 
little knowledge of arithmetic. Also ele- 
mentary geometry and trigonometry 
have long been recognized as useful tools 
for the designer, the surveyor and the 
navigator. 

But in regard to the higher branches 
of mathematics, it is only in compara- 
tively recent times that their usefulness 
has been appreciated. 

The extraordinary development of en- 
gineering in the present century has 
called for a wide-spread use not only of 
the calculus, but also of higher branches, 
such as the theory of functions of a com- 
plex variable, the theory of differential 
equations, and the extremely modern 
theory of integral equations, all of which 
had been originally developed without 
the slightest idea of their tise in tech- 
nology. 

The famous electrical engineer, Charles 
P. Steinmetz, was twenty years ahead 
of his time in urging the need for more 
and higher mathematics in engineering; 
to-day, the growing importance of higher 
mathematical training for researchers 
and designers in engineering is con- 
stantly emphasized by the leaders of 
the great industrial corporations. Pick 
up any recent volume of the Transac- 
tions of the American Institute of Elec- 
trical Engineers, for example, and note 
the great mass of mathematical symbols 
that appear on almost every page. 
Mathematics pays, in dollars and cents. 

In modern physics, there is so much 
mathematics of a very advanced char- 
acter that it is hard to draw the line be- 
tween what is physics and what is math- 
ematics. For example, the Einstein 
theory of relativity is essentially a com- 
bination of non-Euclidean geometry and 
tensor analysis, both of which are 
branches of pure mathematics. 


Without the results of mathematical 
physics, which is mostly mathematics, 
our present-day, long-distance com- 
munication signals would be impossible. 
You all know how the first long-distance 
submarine cable was a failure because 
of faulty design, and how Lord Kelvin 
improved the design and made the cable 
a success. He was able to predict the 
success of his design on the basis of 
purely mathematical computations. 
These computations were in fact so 
mathematical that the engineers at that 
time could scarcely believe the result, 
until they actually saw it work. 

Again, in the field of long-distance 
telephony, mathematics has led the way 
to inventions which have greatly in- 
creased the distance the voice can be 
carried over a wire of given size. If it 
were not for mathematics, you could not 
send a long-distance telephone message 
to-day. And as everybody knows, the 
development of the radio itself, to which 
you are now listening, has been directly 
dependent on mathematical-physical re- 
searches of the most advanced sort. A 
recent text-book on radio makes the sig- 
nificant remark that the more easily the 
student can think mathematically, the 
greater are the possibilities ahead of 
him, in the science of radio. 

Moreover, chemistry, biology, geology 
and even economics are coming more 
and more to realize that the rate of 
progress in these fields, under modern 
conditions, is directly proportional to 
the amount of mathematics that they 
use. A very brilliant medical man, 
whom this and other countries delight 
to honor, told me the other day that it 
is quite impossible for any one to keep 
up with recent developments in physiol- 
ogy without a much more extended 
knowledge of higher mathematics than 
it was possible to obtain when he was in 
college. 

Even in the world of business and 
finance, the most recent mathematical 
theories on the analysis of statistical 
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data are proving to be indispensable to 
jjrogress. For example, tlu* successful 
installation of the dial system in tele- 
phone exchanges would have been im- 
possible ^^lthollt the application of the 
most recent advanc(‘s in the theory of 
probability. Stock-market forecasting 
is another field in which more and more 
mathematical theory is being applied. 
The mathematician of the future, in- 
stead of solving silly puzzles about ‘‘how 
old is Ann,” may be using higher mathe- 
matical eipiations to figure out the next 
swing of the market ! 

The first reason, then, for the changed 
attitude toward higher mathematics is 
the enormous extension of its usefulness 
in jiractical human alfairs 

The second n‘ason for the n<‘W popu- 
larity of mathematics is more vital and 
more powerful. Mathematics is not 
only useful; it is also extremely beauti- 
ful The beauty of a mathematical re- 
sult is the fundamental motive for its 
pursuit. Every cn^ative mathematician 
IS essentially a creative* artist. The most 
important and fertile discoveries in the 
whole field of mathematics have b(‘en 
made by men who w'<*re guided by (*s- 
thetic motive's — men wheisc insight inte) 
unsuspected relations betw'cen apjiar- 
ently diverse phenomena led theun to re- 
place an ugly anel unsatisfacte)ry chae>s 
by a beautiful and illuminating order. 

That is the great secret of mathe- 
matics — its peiwor to reeluce the ceimplex 
to the simple. Every branch of higher 
mathematics enables us to survey, as one 
simple whole, a vast number of seem- 
ingly complicated and unrelated facts. 
Mathematical notation appears compli- 
cated only because it is really so simple. 
A single symbol expresses the end re- 
sult of a long series of processes. The 
thing that is too complicated for the 
mind to grasp as a whole is the series of 
processes; the thing that is simple to 
understand and manipulate is the single 
symbol. 

For ('xample, the Arabic numerals, 


including zero, are the indispensable 
basis of all modern science. Imagine 
trying to multiply 3,142 by 5.J per cent, 
in Roman numerals! Imagine a tele- 
phone directory with 1028 spelled out as 
MDCCtH^XXVIIl! Again the symbol 
for a definite integral, which used to 
strike terror to the uninitiated, is now 
vKwvc'd with a friendly eye, as one of 
the most beautiful sim])lifications that 
mathematics has ever invented. It takes 
artistic insight to pick out the really im- 
portant concepts; and it takes artistic 
gcmius to devise a fitting notation for 
them The result, when succ(*ssful, is 
beautiful in the most satisfying sense. 
Beauty, 1 say — Ix'auty of clearly 
thought-out logic, of simplicity of form 
— is the impelling motive and the ulti- 
mat(* goal of higher mathematics. 

In the (-hicago WorUFs Fair, in 11133, 
which will exhibit in a n(*w and striking 
way a century of progress in all the sci- 
ences, tin* old-iuwv sci(‘nce of mathe- 
matics wull occupy till* central position. 
It IS hoped that through that great ex- 
position tlu* general public, to some of 
whom I am now' speaking, may gain a 
vivid ])ieture of the beauty, as well as 
the utility, of the stuiiendous new dis- 
cov(»ries in higher mathematics. Not 
every one can be a technical mathe- 
matician, just as not every one can be a 
technical musician; but every one can 
and should have some appreciation of 
the value of the niatliematical method of 
thinking, just as every one can and 
should have an appreciation of good 
music. The mathematical in(*thod of 
thinking is the only logical method. In 
these days of newspaper headlines and 
frantic propaganda, the habit of disin- 
terested, logical thinking is a vital 
necessity to all of us. What is new in 
mathematics is the new and growing 
appreciation of the fact that the study 
of mathematics in its eternal beauty and 
its ever-expanding scope is the best pos- 
sible stimulus to this vital habit of dis- 
interested, logical thinking. 



PLANT HUNTING IN MADAGASCAR' 

By Dr. CHARLES F. SWINGLE 
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The desert, silent and uncompromis- 
ing, lay ahead of us. Natives and 
whites thereabouts tersely called it ‘‘the 
brush.’' This was not a waste of drift- 
ing sand, but a tangled expanse of al- 
most impenetrable desert growth. Many 
of the plants were queer and distorted, 
defiant of Nature’s parsimonies, and 
resistant to them. Substantial bottle 
trees 10 feet thick. Euphorbias 40 feet 
tall, gigantic didieroas with their long 
leafless branches growing into the 
wind, wonderful aloes, kaJanchoes and 
other flowering shrubs growing where 
droughts may last half a dozen years, 
but seemed to emphasize the uniqueness 
of this region. To the two botanists who 
paused here on the verge of this 
“promised land” the very grotesqueness 
of the plants suggested sinister allure- 
ment. 

Much of southwestern Madagascar 
had never before been visited by plant 
collectors. It was my good fortune to 
be the first American botanist to visit 
any part of the island. It was rare 
adventure to be half a world away from 
home, on the trail of living plants. 
Especially did I hope to find Euphorbia 
intisy, an almost extinct rubber plant. 
Botanists best acquainted with the 
island feared it was gone. Even my 
companion, Dr. Humbert, of the Uni- 
versity of Algiers, a veteran of two 
previous expeditions to Madagascar, was 
very dubious as to its survival. But so 
unique was this species, and of such 
promise to our arid Southwest, I could 
not easily relinquish hope of discovering 
at least a few specimens while our ex- 
pedition was collecting plants in the 

I With photographs by the author and Pro- 
fessor Henri Humbert. 


region where intisy had formerly been 
so abundant. 

I knew that nine tenths of all tlie 
rubber produced in the world to-day was 
derived from a few seeds shippinl out of 
Brazil some 50 years ago, and that a 
few specimens of intisy from Madagas- 
car might mean a real contribution to 
American agriculture in years to come. 

It had been an arduous trip to reach 
the rim of the desert in the lower part 
of the island. Our southward journey 
through the interior of Madagascar is 
comparable in actual miles to a trip 
from Boston by a roundabout route to 
Savannah, Georgia. It had begun with 
an unforgetable boat ride up the Betsi- 
boka River. We had stepped from our 
rickshaws at the dock in Majunga, on 
the northwest coast, that July moniing 
to see a hustling gesturing crowd ready 
to embark with us. Our zest for the 
river trip departed with the first 
glimpse of the Lazzarri, a frail craft not 
more than 35 feet long. At least forty 
men and women of all colors and ages 
were ready to accompany us in this 
miniature wood-burning steamer on a 
treacherous inland river! We had a 
Malagash crew — a pilot, a fireman, a 
cook-waiter-barman, and a captain. 
From the suspiciously light color of the 
latter, and from his swagger and pomp, 
one could not but surmise that in this 
captain’s veins was flowing the blood of 
old American sailors — either of the 
slavers, or the later and more numerous 
whalers who came from New England to 
this far-away coast. 

Getting aboard the Lazzarri was a 
serious affair. Hoisted to the iron deck 
from tlie shoulders of a native who had 
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MAP SHOWING THE LOCATION OF MADAGASCAR, FRANOE^S 
“GREAT AFRICAN ISLAND'’ 

Ai/niui on Madaoasoak oiks but 240 miles off the east toast or Afhh’a, it has derived most 

or ITS HUMAN INHABITANTS, AS ELL AS A LAllOE FROPOKTION Or ITS ANIMAL AND PLANT Lirr, 

PROM THE East Indifs, moke than 3,000 miles distant. 


waclod out bearing me on his back, I 
called attention to my arrival by sprawl- 
ing upon the muddy floor. Not only 
once did American dignity lie its length, 
measured on the slippery deck, but three 
times, before I could lurch to a camp 
chair to regain my breath and poise. 

At first the discomfort of being 
cramped and crowded was somewhat 
mollified by my interest in the. new 
country. The brick- red waters of the 
Betsiboka contrasted strangely with the 
cool green of the mangrove which lined 


its banks, (iradnally mangrove gave 
way to spreading palms. These beauties 
of the tropics laid their dark fans 
against the sky in a series of nnforget- 
able twilight pictures as we slipped by 
island after island. Gorgeously colored 
birds flitted in and out among them. 
JIadagascar is within easy flying dis- 
tance of the African coast and its bird 
life is largely, though by no means en- 
tirely, that of the great continent n(‘arby. 
Brilliant parrakoets, snowy aigrets, and 
queer ibis — the bird depicted by the 
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NOT SUCH A LITTLE ISLAND AFTER ALL 

^rADAGAS(’AK IS APPROXIMATELY THREE TIMES AS LARUE AS ALL THE WEST INDIES COMBI NED, AND 
STRETCHES FROM 12° TO 25.5° LATITCDE (SOUTH). 


ancient Egy])tians in their liioroglyphies 
— (larled liere and there. 

Just before dusk our boat drew along- 
side the .shore, and although there was 
no indication of a village there, thirty 
additional passengers appeared from 
somewhere and scpieezed aboard. Up to 
this time the boat was overcrowded; 
after this it was almost unendurable. 
Certain it is, in no other country of 
which 1 know, would such jamming have 
been accepted so good naturedly. It 
was only the extreme affability of the 
Malagash wdiich made this really dan- 
gerous doubling of our human eargo 
possible. 

Early in my observation of the na- 
tives T had been impressed by their 
easygoing, carefree ways. At a stop on 
one of the Comoro Islands, since our 
boat was unable to approach the shore 
closely the town had taken to boats and 
come out to greet us, jabbering of pine- 


apples, coconuts, sugar cane, and ba- 
nanas for .sale. In the confusion, two 
port police* were accidentally .shoved 
overboard into the sea! Nothing mon* 
than heated words ensued, which in the 
end gave way to h(»arty peals of laughter. 
Where else, but in nonchalant Madagas- 
car, could the dignity of the law have 
been spilled into the brine, without 
vengeful conseqiumcest 

Bt»dtime preparations on the boat 
were simple. From the depths of the 
boat was dug up a dirty mattress. The 
dining t.able was covered with it, a sheet 
spread, and the most distinguished 
member of the passenger list — an im- 
portant colonial official — escorted to it. 
Dr. Humbert accepted similar accommo- 
dations on one of the two benches, but 
I declined the other bench as graciously 
ns possible thinking a night on my camp 
chair preferable. Almost immediately, 
however, I heard the buzz of mosquitoes. 
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Thes« called for prompt work. I could 
not afford to negh'ct their warninpf, for 
it was in tliis region that tliousands of 
French soldiers had died of malaria 
during the Freneli conqiu'st of the 
island about 30 y(*ars before. One of 
Madagascar \s <*arly kings had bragged 
that he had a commander, General Tazo 
(f(*ver), who could never be chdeated. 
As y(*t he never has be(*u, so I made for 
my mos(|uito net. 

A net made to fit a eot do(‘s not fit a 
chair, so I dragged my own folding eot 
from underneath the shij)’s luggage, and 
looked around to find a spot to set it up 
It was nee(‘ssary to ea])ture a few 
s(‘cond-elass brown babies and r<‘store 
them to their motliers, and to ask that 
outstn'tched feet be withdrawn oven* the 
imaginary line which marked the second 
class from the first, in order to s])read 
the cot. The deck was so uinwen that 
only tlie middle pair of legs louelied, 
and [ t(M*tered ingloriously the entire 
night Every one w ho scpieezed past my 
bed dislocated the netting and I was 
constantly having to adjust it. Of the 
many nights in Madagascar, this one 
made the most definite impression, 
pi'obably because sleep robbed me of so 
few^ of its delights. 

In the morning 1 looked out upon a 
tired, ravisluul country. Flat shore 
lines stretched back from either side, 
barren hills in the distance. T could 
scarcely believe tliat these riv(*r banks 
not so long ago w^re covered wdth densi* 
virgin forests which had been despoiled 
by hand-set fires. T saw^ tlu'se fires being 
lit, and at one time could S(*(» smoke 
from eight separate conflagrations. 

The easiest way to pre])arc for the 
cultivation of rice — the principal article 
of food in Madagascar — is to burn off 
the ground, and the natives never choose 
arduous labor. Surely there could be 
no better object lesson in conservation 
than these bleak hills on which only a 
few curious fire-resisting trees scraggled. 


Swarms of termites arc the clean-up 
scpiad in this devastation of the fon^sts. 
They build huge mounds, about the 
size of haycocks, and strangely, these 
mounds are distributed with almost 
geometric precision over the gi’ound so 
that the landscape reminds one exactly 
of a field of hay ready to be hauled to 
the barn. 

The smoke that w^e saw hanging on 
the horizon in every d inaction warned 
us that eacl) day our expedition was de- 
layed meant fewer plants for us to find. 
We knew' that many plants fornuTly 
cliaract(‘ristic of Madagascar had al- 
r(‘ady become completily exterminated, 
and T could only hope that intisy was 
not among them. 

We w’cn* glad when we were jier- 



TIIK AUTHOR \S HOUTE, AND MEANS OF 
TRANSPOHTATTON EMPLOYED 
IN MADAGASCAR 


The RKLATIVKliY USKtVOWTN SO CTII WESTERN PART 
OF THE ISLAND WAS THE PRJNCU'AL 0B.1E(’TIVE OF 
THE EVPEDITION. 
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MANV AN AarKRTCAN IdK-CHEAM CONK ITAS BRKN FLAVORKD BY VANTLLA WHICH 
ORKW NKAU HZAOUDZI, COMORO ISLANDS 
Most of the world’s si pita ok vanilla comes from “Madaiuscar and dkpkvdf.ncies,” the 

LATTER BEINO THE ISLANDS OF NOSSV-BK AND STE. MARIE, AND THE (.'OMORO ISLANDS. ThE HILL 
TO THE LF.FT is ONE RIM OP AN EXTINCT VOLCANO, ALL THE COMOROS tIKINO OF VOLCANIC ORIOIN 


mitted to unloful at a Sakalava villajxe 
for a few hours before resmiiinj^ our 
river trip. \V(‘ Avere in the most torrid 
seetion of the island, and tlie surround- 
w(*re typical of native life. On the 
dusty road to the settlement oxcarts 
creaked alonj?, brown men in loin cloths 
beside tliem, loaded with bales of raphia 
on their way to the landinj? place. 


Raphia, which comes from tin* youn^^ 
leaves of a palm, was interestinfjf to me 
beeausi* 1 had used it many times for 
tying plants in greenhouses and niii- 
series in Animnca 

The bare little village lay along 
shaggy streets, sipiat and brown, look- 
ing as if its unburned brick huts had 
been tanned by the same tierce sun 



‘‘A TANGLED EXPANSE OF ALMOST IMPENETBABLB DESERT GROWTH 

A MARVELOrS ALOE WAI^TES ITS FRAGRANCE ON THE DESERT AIR. 
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which had browned the natives who 
moved with careless grace in and out of 
them. 

Native homes in Madagascar arc 
windowless, chimneyless dwellings, their 
walls smoked from open fires. In the 
northern part of the island, they are 
constructed mostly of un burned brick, 
ill the southern quarter, of woven grass 
or bamboo. 

Storckeeping in all villages is done by 
the Hindoo and Chinese merchants 
Curiously, a ‘'Chinese store’’ is always 


Coods including groceri(»s, when not 
carried loose in baskets, are usually 
wrapped in discarded French newspa- 
pers, brought to the island expressly for 
this purpose, a paper bag being a rare 
thing. In fact, a container of any sort 
is something to be prized and one of the 
busiest sj)ots in the market is the corner 
which handles discarded empty bottles, 
tin cans and boxes. An accpiaintaiu'c 
I made, a French storekeeper, told me 
he handled an acknowledgedly inferior 
branil of bottled soda pop because Ihe 



THK AUTHOR FINDH MANY TNTKHKSTINU PUANTS IN UKNTUAU MADAUASCAR 


a grocery, carrying French supplies, 
and a "Hindoo store” handles little 
except cloth. The good-natured and 
quite intelligent Malagash natives are 
childish when it comes to business deal- 
ings and are easily outwitted by the 
Hindoos and Chinese with whom they 
deal. Business is largely done by 
barter, for there is very little actual 
money in Madagascar, in spite of the 
richness of the island. If so small a 
sum as 10 francs (40 cents) is offered 
a native — and this represents a major 
purchase — almost invariably he will be 
unable to change it. 


natives particularly liked the large false- 
bottom bottles it came in. We never 
threw away even so much as a match 
box or a tin foil wrapper without some 
native making a dash for it. 

Again on the river, this time jammed 
into tw^o small motor boats, w^e found 
ourselves rocking along through water 
alive with crocodiles. The day before 
we had passed the village of Marovoay, 
meaning “many crocodiles” and not ex- 
travagantly named, for we saw hun- 
dreds of these ugly fellow^s, stretched 
out in the sun asleep on the river banks. 
Out of the w^ater, these vicious felloi^s 
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Dr. llrMBERT STANDING BESIDE SOME OF TJIE DIDIEREAS. 


are ijjfiioiiiiiiioiis cowards, and at the first 
distant sound of our motor, they slid 
quickly into tfie water. Once in their 
own element, they lurked about hun- 
Pfrilj’', at a short distance. We would 
catch prlimpses of wdeked lookinj^ eyes 


protruding? above the surface of the 
water, the nvst of th(‘ head completely 
submerged. ]Iut if wt were able to 
startle the crocodiles on the bank with 
a rifle shot, they, instead of gliding 
quietly into the water, sprang into it in 



FIRES DON'T DISCOURAGE THESE 

The Solkbocarya and the Medemia palm ark able to resist the kver-recurrino grass tires 

or THIS REGION. HaND SKT FIRES ARE ONE OF THE COMMONEST SIGHTS OF MADAGASCAR. 
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terror, and sank to the bottom of the 
stream where they crawled, completely 
defeated, their patli indicated by bub- 
bles on the surface. 

It is an inviolate rule in Madajjrasear 
that one must nev(*r put liand or foot in 
water in which he can not see the bottom. 
Whenever one must wade in a stream, 
the natives beat and \vhip up the water 
with ^reat force and shouting to 
frijrhten lurking? monstfTs. Orn* form 
of the old Ma<la^ascar trial by ordeal 
was lo throw the suspected culprit into 
a crocodile-infested stream. If Kuilty, 


We found here, as ev(»rywhere, only 
astonishment or laiij^uid indifference to 
^?reet our ambitious planninf^ for a 
sx)eedy trip. It was as if a people ex- 
isted who felt absolutely no resentment 
afrainst the shortness of life and breath. 

We felt as though we had "one 
throuf'h a modern trial by onh^al before^ 
the required three days of river travel 
were behind us and we struck the auto- 
mobile road to the capital, Tananarive. 

Excellent new roads built by crude 
hand labor seem unusual in a country 
\\ith so few cars to use tlnun Any 



SlTPKRll TUorqC’AL FOKKST, NOW UARRKN PRAIKIK rOVKRKO WITH 
TERMITE NESTS 


that was the end of him, if innocent, he 
made it across to the other shore 

Natives seldom molest th(*s(» danger- 
ous creatures. It is not fear alone, but 
ndi^ious tabus wliich protect the croco- 
dile and other reptiles in Madapfascar. 
The native is willinji; to risk the croco- 
dile's jaws, but dares not offend the 
crocodile’s soul ! 

Wc had several hunters aboard, and 
with characteristic indifference to time 
or schedules, the boat veered and de- 
toured constantly to give them oppor- 
tunity to bag their game successfully. 


motor vehieh* was always a source of 
wonderment and almost fear to the 
Malagash natives. An automobile does 
not pass over this road ev<'ry day, yet 
mile on mile of fine smooth highwfiy 
.stretches through the heart of the coun- 
try and these roads are being continu- 
ally extended. 

Our trip from the coast to Tananarive, 
only 250 miles on the map, had taken 
us six days, or virtually the same time 
as was required for this trip 50 years 
ago. It is certain that within a few 
months the highway will be completed 


330 


THP] SCIENTIFIC MONTHLY 



()X(’AirrS HELP, BUT DO NOT JtEPLACE THE HUMAN BATK IN MADAGASC.WK 


all the way, and buses will make the 
entire trip, oliminatinj^ the boats alto- 
}j:etlier. Wlien this occurs, it will mean 
the passing? of one of the most appall- 
in‘»:ly pietures(iue .lourneys of old Mada- 
j^Hsear. 

Our week in the capital city Avas one 
of constant planning: for the days ahead. 
We must guard against accident to our 
precious collections which w^we already 
growing. We must take care lest some 
unforseen detail at Tulear would defeat 
us at the last in our determination to 
explore the south ern most area. Each of 
us must take on some twenty porters to 
transport us and our equipment into 
the desert— Avould we be able to find 
men willing to risk their lives with us? 
Always in my mind was anxiety lest T 
should find Euphorbia hitisy already 
added to the long list of non-existent 
plants. 

During our months of travel on the 
island we had only a few hours by rail, 
and were dependent on public bus or 
private ears the rest of the w^ay. We 
slept in huts by the road, empty win- 
dowless houses, especially reserved for 


European travelers, and seldom oc- 
cupied so they were free from filth and 
vermin. The roads in the southern half 
of Madagascar are strictly dry-wTather 
eonvetiienees, as there are no bridges, 
and when streams are high, they arc 
impassabh*. F(*rri(»s are made* by join- 
ing three or four tiny dugout canoes to- 
gether, and laying a few boards across. 
They are made chiefly to accommodate 
foot passengers and on rare occasions 
automobiles. 

It looked as if our expedition might 
come to an unceremonious end at one 
such crossing near Tulear. We arrived 
after dark at the w^ater\s edge with our 
truck heavily loaded with all of the 
equipment for the desert journey. We 
Avell knew the custom that no one on the 
island, regardless of the need, ever 
labors after the setting of the sun ; but 
to spend the night here meant unload- 
ing the truck which had taken hours to 
pack. We w'cre immediately refused 
when we asked the natives to help us 
across. It was dark, they told us, the 
river was high, and what was final, the 
ferry was broken. We pled and argued, 
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and, finally, whoii we offered liberal 
tips, help became plentiful, the river 
negotiable, and the f(‘rry ready to go. 

It was a perilous undertaking. With 
the sma]] canoes togetlier, and planked, 
we found we had only four inches to 
spare at either end of the raft. It re- 
<piired eight men to hold it to keep it 
from skidding out from under as we 
manouvered the truck into position and 
blocked its wheels in place. The river 
^^as swift and deep and teeming with 
crocodiles. Our overloaded truck forced 
the ferry almost level with the water. 
The crossing was effected b}' a sort of an 
endless rope arrangement with the ferry 
fastened to the rope. Tno natives 
slowly ])ulled the boat across with our 
most fervent good wishes and prayers 
to assist them. Once ov(‘r, it was a long 
task to build a trustworthy landing on 
the bank. When we were safely on solid 
ground again, my traveling companion, 
who could speak little English, and I, 


who could speak little French, con- 
gratulated each other, and each of us 
understood perfectly. 

At Tulear, good luck was with us and 
French authority was brought to bear 
on the natives W(? needed for carriers. 
They were simply drafted into our ser- 
vice from siweral villages and gathered 
at Jietioky Avhere we were to start into 
to brush. Much as we needed them we 
could not but sympathize heartily with 
their protests against such an excursion. 
It was the first instance we saw of any 
sullenness among the Malagash, and it 
was undoubtedly justified as events later 
proved. 

These Malagash people are not, as one 
would suppose, blac?k men like their 
African neighbors only 240 miles aw^ay. 
Strange to say, they have practically the 
same language* and similar appearance 
as the Sumatrans, wdth 3,000 miles of 
ocean b(*tween them. They are erect, 
straight haired, browm Melayo-M(*lane- 



DHTED GRASSHOPPERS OCCUPY A PROMINENT PART OF THE MARKET IN 

MADAGASCAR 

For oni.y a sou (one-fifth of a cent) one can imtrciiase a whole ru.R of these tasty 

CREATURES. OTHER PEOCLKS MAY LOOK UPON ORASSllOPPERS AS A CRUEL VISITATION OF PROVI- 
DENCE. Not so the Malagash ; to them it means a period or feasting, for grasshoppers 

ARE A CHOICE VIAND ON THE ISLAND. 
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NOT A KtT KLUX GATUKHINO RUT A <X)RNKR OF TFIE ZOMA AT TANANARIVE 

ON MARKET DAY 


sians. In tho south of tho island tlioy 
are frequently dressed only in their loin 
cloths, the men carryinpf spears as the 
sij?n of {gentlemen. In the more popu- 
lated northern sections the people are 


clothed in ridiculous second-hand Euro- 
pean jrarments shipped there* for sale, 
with their native lamhas (shawls) 
wrapped over all. I was quite startl(*d 
one day to obs(»rv(» a dusky frrinnin^ 



EVERY DAY IS MARKET DAY AT AMPANTllY 
Note the prevalence of ‘‘suntan backs" and the generous use of taltx)\v in arranging 

milady's coiffure. 
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MalHfjash lad wearinj' a hat on wiiich 
was displayed the jjroud name of 
Rugby I 

A gatliering of Malagash natives re- 
minded me of “ roughneck^’ day, years 
before, on my eollege campus, wlum all 
students gleefully dressed themselves in 
the most incongruous apparel they could 
assemble to celebrate the Ides of March 
Top hats and bare shins, dress coats over 
night shirts, and Spanish combs in uii- 


whole families often have the same 
father. To us, this seems very hard to 
understand.” 

The one evidence of earthly ambition 
on the part of the natives is their pas- 
sion for acquiring herds of zebu cattle. 
The size of their flocks is their one mea- 
sure of worldly standing. These cattle 
are nevtT fed, are seldom driven to 
water, and are rarely milked or killed 
for food. 



f'hotofftaph hy JJtek Ih'Umlny 

MADAGASCAR If AS MANY ('LOTHING STORKS smi AS THIS, BIIT DKW 

GROCERY STORES 


Tins IS A TYPICAL “Hindoo shop,“ while most op the grocfky stores, poe equai.ly obviocs 

REASONS, ARE KNOWN AS “CHINESE SHOPS. “ 


ruly locks — fashion’s mandates are elas- 
tic in Madagascar. 

They are a patient, happy race, naive 
in their ideas of morality, to be sure, 
but a decent, likable lot. 

We had two chauffeurs on part of our 
journey who, when they presented them- 
selves, told us they w^ere brothers. ‘ 

‘‘But how is it,” I inquired, ‘‘that 
you two, who are brothers, look so un- 
like?” 

They replied : ‘‘With you, are told. 


The iruident was told me of a pros- 
perous Malagash native whose wife and 
very young infant were suffering from 
cold, being destitute of clothing. He 
was brought before a colonial official 
and rebuked for allowing his wife to die 
of neglect while he was rich in cattle. 

‘‘But if I part with a zebu,” he 
replied, “It is so very hard to get 
another. ’ ’ 

At Betioky, we were to lose all com- 
munication with civilization for a time. 
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FRAIL GRASS HUTS ARE THE RULE IN SOUTHERN MADAGASCAR 


Mail conmuinication was almost a ne^li- 
^^ible factor with us at any time, as it 
requires many weeks to send letters 
across the island, a very excellent and 
cheap telegraph system being univer- 
sally depended upon. Courier service 
is sometimes used for short-distance mail 
service between ofiRcials or Europeans 
quite generally, and was amusing to us. 


A note is given to the native carrier who 
places it in the end of a split stick, and 
as he runs with it to its destination he 
offers it to every European he me(»ts. 
The message usually reaches the in- 
tended person eventually, though I 
would not recommend sending secret 
information by this means. 

Under a cloudless sky, our filanzana 



THE ‘‘ HOTEL AT MAHATSINJO 
The author spent many nights in huts such as this. 
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expedition set out into the desert. Dur- 
ing half of each year there is absolutely 
no rainfall here and drouths lasting as 
long as six years have been known. 

Thrilling stories had drifted out of 
the brush, and others will never be 
known. We knew the authentic story 
of Dr. Brown, the young Carnegie sur- 
veyor, whose trail w^e were partially to 
follow. He was proceeding as we w(*re, 
by filanzana, and was several days out 


last rain — and obtained drinking water 
by wringing them out into their cala- 
bash vessels. 

Small wonder that our porters grum- 
bled over a similar excursion ! 

That plant life should be so abundant 
in this rainless country seems almost 
incredible. It is made possible only by 
the very great humidity at night. Dense 
d(*ws and fogs occur almost nightly. 
The dew on a large plant becomes so 



rhotoffraph hy Dick Delonlay 

DWKLLINGS OF UNBIJKNKD BRICK TREDOMINATE IN CENTRAL AND NORTHERN 

MADAGASCAR 

Note that the houses are without chimneys. 


wiien his w^ater supply was exhausted. 
Even his porters had refused the only 
moisture to be had, foul mud at the 
bottom of a water hole. It seemed that 
but one fate aw^aited the party, several 
days away from water in any direction, 
under a fierce tropical sun. But in the 
night, miraculously, for it was the first 
time in three years, a shower fell. ‘The 
porters rushed to spread their lambas to 
catch the precious drops — ^lambas which 
probably had not been washed since the 


heavy during the night that it often 
runs down about the base, and in the 
morning the ground about the plant 
looks as if it had been wet by a shower. 
The desert plants have dev<»loped water- 
utilizing devices of various queer sorts 
which render them resistant to the un- 
usual drouth conditions. 

Minutes in the morning on the desert 
are precious, so Dr. Humbert and I 
brewed a hasty cup of cocoa at dawn 
each day, and with little more for 
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Phntnqraph hv Kobrit TayUii. 

WOOD CARVING IS ALSO A FAVORITE PASTIME FOR MANY OF THE MALAOASH 


breakfast, el imbed into our filanzanas — 
swinging eliairs borne by two long hori- 
zontal poles. The natives did not break- 
fast at all until late in the morning, and 
sometimes they had their first meal long 
after noon. 

The dismal chill of the early hours 
was as difficult to withstand as the heat 
later on. I began the day wearing a 
khaki shirt, a sweater, a coat, and a light 
overcoat, but even so I was never quite 
warm enough for comfort. 

Four natives picked up each of our 
two curious filanzana chairs and jogged 
off. One porter could work only about 
five minutes without needing relief, then 
he would manipulate a shift with his 
alternate. Every step of the porters is 
a jar to the passenger, and each shift a 


real jolt. No two of the jiorters were 
the same height, and the bobbing about 
was indescribably fatiguing. The first 
morning while 1 was attempting to ad- 
just myself to the discomfort a porter 
stumbled while making the shift, and I 
was dumped out into the path. 

The porters were an irresponsible, 
joking group, talkative to the point of 
irritation at times. My filanzana was 
decorated with the personal belongings 
of my men — foot shields cut from goat 
skins, charms, souvenirs, spoons for 
their rice, and even tiny woven mats for 
their beds. We had to threaten to strap 
the two camera porters to the filanzana 
also, as they were constantly wandering 
ahead or lagging behind when we needed 
the camera. Moreover, although the 
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water supply was all important, we had 
to watch the natives every morning to 
see that each filled his individual cala- 
bash, for during the day the large water 
bags were with the baggage carriers who 
might be miles ahead of our more lei- 
surely group. 

Our (experience differed from that of 
the average plant collector, in that we 
S(ddom had to reconnoiter for specimens, 
as the jdace was untouched by botanists 
and we wm surrounded by plant life 
as we followed the trail. It was ivst 
from our uncomfortable riding to get 
down and gather plants, and at intc^rvals 
we would walk for periods of half an 
hour or so to rest the porters. An 
hour’s walk is a V(n*y long one for a 
white man in any part of Madagas('.ar, 
and is only rarely made by a Kuropean 
Automobiles being scarce, white men 
use, whenever the road permits, rick- 
shaws pull(‘d and shoved by ^^povsse- 
jwusse'^ boys. Of course w'e had no 
such de luxe service in the brush. 

About eleven o’clock the desert fieat 


w'as upon us in its full intensity, and 
we made our long stop. How the na- 
tiv(^s (iould endure this tropical sun with 
no protective head covering is a source 
of wonder. It is considered by those 
who know^ the climate b(*st to be posi- 
tively dangerous to go without a helmet 
for ev(ui five minutes. White men’s 
helmets do not come off outdoors, even 
in the shade. The blinding glare of the 
d(‘sert sun would have been almost un- 
endurable had it not been for occasional 
tall, spreading tamarind trees, which 
afford(‘d the only real shade in the 
d('S(‘rt. We always made our stop under 
one if possible. 

The porters cocjked their main meal at 
this time. Sometimes it consisted of 
manioc or of sweet polatoes, but the 
usual meal was of rice. Kach man had 
the unbelievable allotment of more than 
two pounds of dry rice a day which lie 
actually eonsunuHl, sometinms at one 
nmal. It was really well cooked, (*ach 
grain flaky and whole, though unsalted. 
It w’as boiled (»xactly twenty-five min- 



Vhotofjraph hv Dick Uclonlay, 

IIOVA WOMAN WEAVING A SILK LAMBA ON A NATIVE LOOM 
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TRAVELING BY AUTO TN MADAGASCAR TS NOT AS SIMPLE AS IT SOUNDS 
Fortunatkly men and women of the villages were always willing to turn out and lend 

A HAND. 


utcs, i\m\ so exact are they in this that 
they are aeeiistomed to measure time by 
the lentrth of their rice cookinj?. 

Oeeasionally we purchased a desert- 
lierded animal to slau"liter for meat. 
But supply iri}' the |?roup with meat was 
cimiplieated, because of the tabus cer- 
tain tribes held aj^ainst certain meats. 
<.)ur men were of several tribes and 
broke up into tribal jjroups for their 
eating. Some could not eat beef, some 
could not eat mutton or goat meat. 
They were quiet about these idiosyn- 
crasies, and often we did not know of 
their shortage of food until they felt it 
on the march. We always carried a few 
live chickens with us, and these were an 
unmixed blessing to Dr. Humbert and 
me, who had to prepare our own meals. 
We could not obtain a cook (this sounds 
like civilization), and consequently de- 
pended on our own culinary efforts, with 
but slight help from the native soldier 
in our party who sometimes tried to aid 
at mealtime. 


The porters sometimes took advantage 
of the strong light at noon to dig out 
chiggers from their feet. The f(*et of 
all were badly mutilated with gouging 
out these pests. Chigger hunting is a 
very necessary rite in all parts of the 
island as this tiny mite is a very serious 
.scourge. During my three and one-half 
months in Madagascar my unshod feet 
never touched th(» floor or ground for 
<langer of picking up one of these tiny 
mit(‘s. They are extremely minute, so 
small that I never managed to spy one, 
although 1 saw natives everywhere 
.searching them out. They burrow under 
the nails or under the thick callouses on 
the soles of the feet, lay their eggs and 
incubate them. The ensuing poisoning 
is very serious and sometimes fatal. 
Native girls of keen eyesight find chigger 
hunting a paying occupation. Often 
they find the chigger buried a quarter 
of an inch. It is not an outdoor mite, 
but one that infests only buildings, hid- 
ing in crevices and corners. 
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OccasioiiHlly, during: our stops there 
AV(Te complications with our porters 
which we must straigrhten out. Leprosy 
is very common on the island, and we 
saw many persons whom we had cause 
1o suspect. At one villagje, isolated to 
tli(» outskirts, we came upon a leper, a 
woman so ravished by the disease that 
she appeared a^?ed and revoltingc. The 
porters beg:an chatting: with her in their 
customary easygoing way, and were not 
the least bit fearful. AVe were con- 
cerned over the situation. We finally 
jravi* the chief of the village a few 
francs, asking him to give them to the 
creature, with instructions that she keep 
away from our men. We were some- 
what taken aback to find that, having 
opulence thus thrust upon her, the 
woman immediately began buying 
trinkets from our porters, and a merry 
excliange of goods was going on befon* 
'we could put a stop to it 

We always took advantage of the 


noon-day sun to assist us in drying such 
of our specimens as we wished to pre- 
serve in the dry state. Dr. Humbert 
was especially responsible for gathering 
and classifying these dry lu'rbarium 
specinums, while 1 had been smit fiartic- 
ularly to bring back living plants. No 
collection in America had a display of 
Ma<lagascar plants, either living or 
dead, and it was to remedy this lack 
that our expedition had been organized 
by the Arnold Arboretum of Harvard 
University, and the United States De- 
partment of Agrii'ulture, in conjunc- 
tion with the University of Algim’s 
Thes(‘ desert plants, b(‘caus(‘ of their 
ability to store and utilize water in 
th<*ir leaves, stems and roots, W(*r(‘ very 
ditlicult to dry b(‘twd*n blotters as is the 
usual process, and our problem w'as to 
speed up the drying, avoiding rain and 
dew\ and using every minute of sun- 
shine we could. The plants W(» gatliered 
as we marched, and can»fully placed 



IT ISNn^ KVERY YEAR THAT THEY HAVE A CHANCE TO OBSERVE A WHITE 

VISITOR 

CTJRIOLS NATIVKS ALWAYS GATHER AT THE “( ASK TASSAGF/* OR TRAVELER’S HUT WOllCH Js PRO- 
VIDED IN EVERY REMOTE SECTION OF MADAGASCAR FOR THE T'SE OF EUROPEAN VISITOR.S. 
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Hats make fine plates for sfkvinq ru e. 


them into baskets Each plant had to 
be removed from the ground in as nearly 
a perfect state as possible. We did not 
trust our porters to do this particular 
work. Always must we find plants that 
were in bloom, for of course to be of 
much use as herbarium specimens, they 
must have a good, open blossom. When- 
ever we could find them, we dug up 
twenty or thirty of each kind, carefully 
tying them together. 

With in a few minutes after making 
onr noon-day stop our camp would take 
on a queer cluttered appearance as we 
untied bulky bundles of blotters and 
laid tlimn out in little piles in the sun 
to dry, carefully weighting them down 
with sticks and stones to keep them from 
blowing. Many of the recently gath- 
ered plants had to be cut into several 
pieces to be accommodated, for blossoms, 
stems, roots and all must be placed be- 
tween special absorbent sheets of paper. 
With few exceptions, our plants were 
never pressed as one might suppose; no 
pressure was brought to bear on any of 
them except that caiised by the straps 


used to bundle the unwieldy laytuvs of 
blotters together. We carried a queer 
collection of jars and bottles and pre- 
serving solutions for fleshy forms im- 
possible to dry. 

Occasionally on coming to a village, 
we found it necessary to stop and dry 
out plants and blotters with artificial 
heat. Wc would construct racks 15 or 
20 feet long, 3 feet off the ground, out 
of small tree trunks, laying out our piles 
of blotters on them. Underneath we 
would build a slow, smoldering line of 
fire which had to be kept burning 
steadily but not blazing. 

While we did our clerical work, or 
ironed other plants with a sad-iron to 
dry them, we had a native tend this fire. 
On one stop we employed a boy for this 
work, but we w^ere continually irritated 
to step from the house in which we 
were working to find him gone. Finally 
I decided to accomplish our ends by 
gentle means, so T bought him a nickeUs 
worth of bananas — an enormous number 
for one boy- -and two cents’ worth of 
peanuts. Capturing him down the street 
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I escorted him back to our camp and 
ur^ed him to make liimself contented 
by the fire with food and reverie. Re- 
turn inj? an hour later I found the fire 
out, the fifteen or twenty bananas "one, 
the peanuts consumed, and tlie boy 
stretched out in the sun, sleeping peace- 
fully. 

Properly dried herbarium specimens 
will last in usable condition for centu- 
ries. Botanists to-day are using some 
])repared by Linnaeus, “the father of 
botany,” two hundred years ago. But 
improperly eared-t‘or specimens mold 
and ar(3 ruimul Avithin a few days. The 
reader can conceive of the labor con- 
nected with such an enterprise as ours. 
Avhen he knows that besides the living 
plant material Ave brouglit back some 
.‘hOOO herbarium numbers, each number 
r(*pres(*nting five to thirty plants in 
floAver, each specdmen having gone 
through a drying {)rocess of from sev- 
eral days to s(‘veral weeks VV'e must 
alAA’ays know the exact locality in Avhicli 
we collected each plant, and the date, 


and our best tentative field classification 
needed to be made in every case. 

Afternoon on the d(»sert Avas a repeti- 
tion of the morning, and our two filan- 
zHiias often traveled several miles apart 
as each of us paused and gather(*d ma- 
terial. Evening camp Avas made early 
to enable us to care for tin* day’s accu- 
mulation of plants. 

Many a night after a strenuous day of 
collecting I workc'd until one or tAvo in 
the morning caring for my living plants, 
with a sunrise start to make next day. 
These could not accumulate as the dry 
specimens might if neces.sary. The Ha^- 
ing plant material must be Avraiijicd in 
paper in small bundles, keeping varie- 
ties and lots separate, and packed in tin 
crack(*r box(‘s. AVhen T landed in Mada- 
gascar, short of packing material for 
my plants, I bought a few etmts’ Avortli 
of coconut husks — the thick fibrous cov- 
ering Avhicli grows around tlu^ coconut — 
and fi\T or six men spent the day shred- 
ding tliis for me, to the great aniusemi‘nt 
of the other natives. I also used the 



ACKOSS TIIK MAIIAFALY PLATKAU 
The expedition on the march. 
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roots of tVriis which p:r()w on the trunks 
of trees, as a satisfactory makesliift for 
really desirable moss, of wliicli T found 
but little in Madagasear My entire col- 
hiction of plants had to be j?one over 
thorouglil}’^ very often, rewrapping and 
discarding wliere necessary. Naturally, 
seeds are by far the easiest of living 
plant material to handle, and these I 
obtained whenever possible. 

With nightfall the clammy desert chill 
sent us to our wraps and blankets, but 
the nativ<*s lay on the bare ground 
around the ashes of their fires, with only 
their thin lambas for proteetion from 
the cold. 

The responsibility for the lives of our 
forty men in a country where water was 
so diffieiilt to obtain was no slight one. 
They had been forced to accompany us 
and I felt real epneern for their safety 
as well as for our own. We had started 
with all the w^ater it was possible for 
us to carry, but it was necessary for us 
to plan to fill our water bags at village 
waterholes along the way. 

It looked as if the porters’ fears were 


to be swiftly realized, when at the end of 
the second day’s march our wat(*r 
supply ran out. We had found that tlie 
two or three tiny villages we passed had 
not enough Avater for their own needs, 
and drinking water and water for cook- 
ing rice for our large party was simply 
unobtainable. Our only hope was to 
push ahead the third day, as (pjickly as 
possible, trusting to find a snflfieient 
supply before it was too late. 

Our physical suffering and our tortur- 
ing thoughts that day, struggling under 
a iiKTciless sun, are indoseribable. An 
ominous hush fell over the party. It 
was not broken when, one after another, 
five of onr faithful porters collapsed by 
the roadside. We paused only to moist(»n 
the lips of the first two with the last 
hoarded drops of water — we could do 
nothing for the other three. We 
marched on silently in the desperate 
hope that we might return to them be- 
fore it was too late. Of course we could 
no longer depend on filanzana travel and 
in spite of our exhaustion we must take 
up the uncertain journey on foot. 
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Toward the middle of the afternoon we 
sighted a village ahead, and we found 
to our joy enough water there so that 
each of our half-craz(‘d men might have 
a sip. 

We were too weakened to return for 
our fallen men, but villagers were sent 
to rescue them. Very fortunately, they 
were all resuscital(‘d, although two were 
of no more assistance to us, and had not 
recovered fully when we parted from 
them at the end of the trip. Separated 
from others in the party which made a 
trip to a distant waterhole later that 
afternoon, I collapsed twice, and was 
only fortunate in recovering conscious- 
ness and str(Migth to the point where I 
could resume the walk. 

Our progress was much slowed down 
after this harrowing experience, as all of 
us were much affected. Moreover, dur- 
ing the weeks in the desert which fol- 
lowed, w<‘ were constantly tormented by 
the shortage of water, at best being 
forced to drink from reeking waterholes 
after animals had fouled them, at worst, 
going without. Swallowing our daily 


dose of quinine was truly a pleasant 
process, for it took away the nauseating 
taste of the awful water. 

The first day out I had said to the 
chief of the porters, “Do you know the 
rubber plant called 

“Eka (yes),*' came the answer we 
hardly dared expect. 

“How far is it?” 

“We will surely find it right on our 
path within a few hours,” he promised. 
We started in great anticipation, and 
surely enough within a few hours he 
])roudly pointed out his treasure. Ima- 
gine our sickening realization that it 
was a totally different rubber plant, of 
inferior quality, and one already in our 
collection ! 

W(» had been in the desert two weeks 
and as yet there had not been a trace of 
the plant Members of our own party 
had not attempted to offer more infor- 
matioTi after the first day, but other 
natives, of whom we were constantly 
inquiring, were certain they could direct 
us to the plant. But their reassuring 
predictions, though exceedingly well 
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THE ETRST PLANT OF JHUPHOUBIA 
TNTISY FOUND BY THE 
EXPUDITTON 


This is mroNspicrous Lirri.K trke with 

LEAFhKSS GREEN BRANCHES/' BUT IT YIELDS ONE 
or THE BERT RUBBERS KNOWN, AND FOR THIS 
REASON IT HAS BEEN VIRTUALLY EXTERMINATED 

BY THE Madagascar natives. 

lueaiit, served only to increase our disap- 
pointment at finding none of them to be 
true. 

A village ebief had been our latest in- 
formant and after a tedious excursion 
we found that his information was as 
useless as all the rest had been. Almost 
with resentment I listened to the words 
of cheer lie poured out to us as we de- 
parted. 

“I know now which one you wish, 
don’t be sad for you Avill find it a few 
hours on.” 

Scarcely two hours later, as my port- 
ers jogged along, I looked up to see a 
slender, inconspicuous little tree with 
leafless green branches, growing in the 
brush at the side of the road. I was 
almost too excited to shout ”Andras 
(stop) I” to my brown men. 

I was out of the filanzana and scram- 
bling through the brush in a minute. 
Once I had reached the tree T felt cer- 


tain it was intisy, but I took my knife 
and anxiously made a slash in one of 
the slender stems, and watched the milk 
latex ooze out. Dipijing my finger in 
tliis white liquid, 1 gleefully saw it 
harden into a gummy mass of almost 
I>ure rubber, and I knew that at last I 
had come upon my coveted Euphorbia 
rntisy. No other rubber plant is known 
wdiich produces a latex that hardens 
into such high-quality rubber entirely 
without artificial treatment. It is the 
fact that this high-quality rubber can be 
handled with such ease, which accounts 
for its exploitation by the natives. Many 
years ago all accessible trees had been 
slashed mercilessly and soon killed by 
their ruthless methods of I’ubber colh‘ct- 
ing. 

“Two francs (eight cents, or a day’s 
wages) for each plant like this you can 
dig up and bring us!” T told my port- 
ers, and they s(*attered out to find ()th(*r 
specimens. Their enthusiasm did not 
last long however, when tliey found the 
little trees were in dry stony ground, 
and very difficult to dig without injur- 
ing the very queer roots with which 
they were equipped. Intisy differs from 



DIGGING INTISY PLANTS OUT OP DRY, 
STONY SOIL WAS HARD AND 
UNUSUAL WORK FOR 
THE PORTERS 
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any known plant, having roots which 
store water in bulbous swellings which 
occur one after another, like link 
sausages. 

After finding intiay, my care for my 
live plants was all the more vigilant. 
On coming to a village, my first concern 
was to secure tin craeker boxes which I 
used as contaiinu's for many plants on 
the entire return voyage. 

T stepped into a Hindoo store at one 
point which carried a little candy in 
addition to its usual stock of cloth. 

“Have you any empty tin boxes?” 1 
asked 

The search turned up a greasy box 
which was offered confidentlj^ 

“No it’s too dirty for me to put my 
plants in,” I told him. 

“Oh, that’s all right,’’ the obliging 
shopkeeper replied, dumping the con- 
tents of a half-emi)ty candy box into the 
despised container. “The dirty one is 
quite as good tu me ! ’ ’ 

Once out of the desert, we sent the 
porters back on foot, by a short route, 
and I turned homeward with my living 
plants. If I had gone througli every 
privation to obtain them, onee on ship- 
board, I was sp(»eded on my way with 
all that modern transportation could do 


to aid me. I was assured that no 
quarter on the boat was too good for my 
queer luggage, and every day I must 
open each box to air and syringe and 
examine my specimens. Before sailing 
I had picked up eight miniature green- 
houses which 1 had taken to the island 
full of choice citrus plants, a gift from 
our government to the Madagascar gov- 
ernment, and these were now full of 
island plants making the trip to 
America. My most troublesome piece of 
baggage was an enamel kettle full of 
plants in a liquid pr(‘servative which I 
carried 10,000 miles with only a leaky 
cover, there being no tight container 
obtainable in Madagascar. 

In each of my twenty-three pieces of 
luggage I had tucked specimens of 
intisy, so that nothing but the sinking 
of the V(*ssel would hav(‘ robbed me of 
all my spoils. T am quite sure that had 
T gone to the bottom of the Atlantic, I 
would have had intisy in all my pockets! 

To what extent this queer plant will 
permit its(‘lf to become Americanized, 
no one can say. The fact that speci- 
mens of intisy are now thriving in 
Florida and California leads us to hope 
that the question will not long remain 
unanswered. 
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The earliest ine(‘utive to the develop- 
ment of the motion picture was the de- 
sire to study the gaits of animals and the 
foot movements of the race horse (Muy- 
bridge, 187H).^ Likewise the pioneer 
efforts in 188o of the French physiolo- 
gist, Marey,^ in this direction, were 
particularly devoted toward the study 
of the movements of the limbs of men 
in running and walking. In more than 
forty years which have elapsed since 
that time the motion picture industry 
has passed far beyond its original ob- 
jective. Simultaneously both the science 
and the art of running have advanced. 
On the one hand the physiologist has 
learned much concerning muscles and 
muscular movements which was un- 
known to Marey, and on the other hand 
sportsmen have accumulated a greater 
wealth of practical cxperieiKJC and em- 
pirical rules which have helped to make 
good runners and to break many world’s 
records. 

The moving pictures have contributed 
something to this advance but this con- 
tribution has bi*en chiefly to the 
‘‘anatomy” of running; it has described 
for us the orbits of the arms and legs 
in good and bad runners and has de- 
fined the times of contractions and relax- 
ation of the various muscles. The mov- 
ing pictures have not told us much, how- 
ever, concerning the fundamental 
physiology of sprint running. It may 
be of interest, therefore, to describe the 
results of a cinema togr a iihic study of 
sprinters which has thrown some light 
on the fundamental question, ‘‘What is 

1 Muybridge, Animal Locomotion.’^ Lon- 
don, 1873. 

2 E. J. Marey, * ^Developpcment do la in6- 
thodo graphiqno par 1 ’emploi de la photo- 
graphie,” 1885. 


the limiting factor in running?” Why 
(*an man never attain a s[)eed great it 
than a mere 10.6 nicTcr per second? 
Why does it become incn^asingly diffi- 
cult to beat a world’s n*eord ? 

For the moving pictunis used in this 
study'* I am indebted to Mr. C. A. Mor- 
rison, of tlie Eastman Teacliing Medical 
Films. The general appearance of tlu; 
films can bo seen from Fig. 1, which 
shows a man running behind a lattice 
work with sipiares 1 meter on a side. 
There were 128 exposures per second, 
the length of each exposure lasting 
about one-thousandth of a second. The 
man wore a white collar wdth a black 
spot on it and a little marker with 
another black spot tied securely around 
the w^aist. These provided fixed points 
for measurement in determining the 
forw’ard progress of the body and its 
rise and fall with each step, (^roquet 
balls are dropped along the side of the 
Irame-w^ork in order to measure the 
speed of the film. One of these can be 
seen falling in Fig 2. The details of 
the methods used for the study of the 
films need not concern us here. Only 
the general argument which led to the 
taking of the films and the conclusions 
drawn from the study wdll be outlined 
in what follows. 

The External Kesistance 

The runner appears to be pushing 
against a negligible external resistance, 
the air. This air resistance has been 
measured on small models of men in- 

3 W. O. Fenii, “Frictional and Kinetic Fac- 
tors m the Work of Sprint Running,” Amcr. 
Jour. Fhyswl.j 92, 583, 19.30; “Work Against 
Gravity and Work Due to Velocity Changes m 
Running,” Amer. Jour. Fhysiol., 93, 433, 3930. 
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Fig. 1. Sample from the moving picturi'S used for the sti dy of tub MEcitANius of 
SPRINTING The second ri nnfr shows a bi*a< k spot ATTAC’HFD to the belt behind. Bo'rn 
RUNNERS HAVE BLACK SPOT.S ON THE NECK BAND. 


4l(*pondontly by DuBois Reymond and 
by A V. Hill, and tlio fiy:ure they ob- 
tained has been eonfirined by tlie writer 
by quite a different method. Thus it 
has been found that for an averaj^e man 
riinninf^ at top speed (7.5 meters per 
second) the air resistance is about 1.2 
Ivpjm. This is eertainly a rather small 
resistance to be overcome by a man who 
at the start of a race can exert an aver- 
apre force more like 50 k<^m. (Hill). 
Yet when ^oin^^ at maximum and lienee 
constant speinl tin* averaj?e propelHn*^ 
force must be just equal to the resisting: 
f orce. 

Th(*re is, however, another source of 
external resistance and this is the re- 
sistance offered by the ground. The 
foot does not strike the ground directly 
under the runner but somewhat in 
front of him. Tn fact a study of the 
moving pictures shows that the leg 
makes an angle with the ground at the 


moment of contact of 70-80 degrees in- 
stead of 90 degrees. This can be seen 
cl(*arly in the second runner in Fig. 1. 
The result is that the runner tends to 
cheek his speed slightly each time his 
foot touches the ground. If one knows 
the location of the center of gravity of 
the body as w^ell as its velocity at the 
moment of contact and its direction of 
movement tlnm it is possible to calculate 
from the angle of contact how large 
this chei'k on the movement of the 
runner is. Carrying out this relatively 
simple calculation it is found that the 
runner loses at each contact about IJ 
j)er cent, of his velocity. At speeds of 
7.5 meters per second, which are about 
maximum for most untrained runners, 
this amounts on the average to about 
tw'ice the resistance offered by the air. 
This resistance is overcome by the foot 
while it is in contact with the ground 
as it gives a forward push to the body. 
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It is theoretically possible to measure 
this ground resistance also by determin- 
ing from the moving picture film the 
maximum change in velocity of the 
body during each step. This was in 
fact done, but it turned out to be much 
mor(‘ difficult and mucli leas accurate 
than had been expected Unfortunately, 
the velocity of the body is, strictly, the 
velocity of its center of gravity, and 
this is by no means tiu^ same as the 
velocity of the nose or the hips or of 
any other })art of the body. While the 
foot is on the ground the hips tend to 
get ahead of the nose, and while the 
runner is in the air tin* nose tends to 
catch up again. These changes in ve- 
locity are much greater fortunately 
than the changes in velocity of the 
center of gravity. This can clearly be 
shown by tlie laborious process of calcu- 
lating from the various positions of the 
arms and legs at each moment in the 
race exactly where the c(Miter of gravity 
is. This calculation may be avoided by 
the use of the strange mechanical model 
illustrated in Pig. 2. This model wms 
designed by O. Fischer.^ It utilizes a 
series of interconnected pantographs 
each one of which has its terminals 
connected to the centers of gravities of 
two adjoining parts of the body and by 
its central point indicates the common 
center of gravity of these two parts 
irr(»spective of any change in their rela- 
tive positions. Thus two pantographs 
on each leg indicate its common center 
of gravity (S,. 7 ) in whatever ways 

the knee and ankle may be bent. The 
common center of gravity of both legs 
(S^.bis:) is indicated by another panto- 
graph connecting the centers of gravity 
of the tw^o legs separably. Still another 
pantograph indicates the combined 
center of gravity of the two legs and 
the body, and so on. Finally the point 

* This model is reprodiioed in ‘ * Moehanik dor 
Gelenke,'^ by R. Fiek, Vol. Tl, page 345, IDIO. 
It is actually manufaeturod by K. Zimmcrmanii, 
Berlin. 



Fin. 2. Trip, coint So in this skries op 

PANTOQRAPHS INDICATES TIIK AIOVEMKNTS OP 
THE CENTER OP (JRAVITY OP THE \MIOliE IIODY 
AS THE MAN WALKS. 'I’llE POINTS S., KT(’., 
INDICATE THE PIXED POSITIONS OP THE CENTERS 
OP ORAVITY OP THE SEPARATE PARTS OP THE 

noDV. Apparati's op O. Fischer. 

S„ (h'ig. 2) indicates the center of 
gravity of the whole body for any posi- 
tion of the arms or legs. Even this 
method of following the eenter of 
gravity of the body is laborious enough 
and in any case the error is so large 
that the results are of no value for this 
purpose. 

The most aceurate and the most ele- 
gant method of measuring the ground 
resistanee is to construct a small mov- 
able platform which is incorporated 
into a running track (Fig. 3). The 
runner arranges to step on this plat- 
form as he runs. The platform is 
mounted on wheels and moves very 
slightly backwards and forwards 
against strong springs and records its 
horizontal movements by a lever writ- 
ing on a moving drum beside the 
running track. Thus it is possible to 



A (INEAFATOGRAPHK^ STUDY OP SPRINTERS 


349 


moasiire exactly what forces are (*xertect 
liorizontally ap^ainst the ground both 
when the foot strikes tlie ground and 
when it leaves it. In this way it is 
found that tlie total average external 
resistance (ground resistance plus air 
resistance) is about 5 kgm. for a man 
running at 7.5 meters per second and 
requires lialf a horse power of energy 
expenditure to overcome it (air resis- 
tance 0 lb liorse power, ground resis- 
tance about twice as great, 0.84 horse 
po\^er) This method gives a result 
therefore whicli agrees with the more 
approximate estimate reached from a 
study of tlie moving pictures. 

Incidentally it may be added that the 
mean difference between the forward 
pressure recorded when the foot strikes 
the platform and tin* backward pres- 
sure recorded when it leaves provides a 
measure of the air resistance to motion 
1.0 kgm, which agrees well with the 
figure 1 2 kgm. obtained on miniature 
men by Du Bois Reymond as described 
above. 

The Total Horse Power Available 
FOR A Sprint 

We learn from these observations 
that energy must be expended in a race 
at the rate of half a horse power in 
order to overcome the external resist- 
ance. It becomes of interest and im- 
portance therefore to inquire what the 
total horse jiower expended by the man 
is. This can be determined in the fol- 
lowing manner. For a sprint of a 
given distance a man consumes a cer- 
tain extra amount of oxygen every liter 
of which is e<piivalent to 5 large calories 
of energy For a sprint lasting 10 
seconds we may say that he consumes 
one tenth of this total excess oxygen 
per second. More or less arbitrary, but 
unimportant corrections should be made 
to allow for the energy expended in 
bringing the body to maximum speed 
and in slowing it up again at the end 


of the end of the race.° The final re- 
sult gives us the rate of energy expendi- 
lure or the total liorse power developed 
in running at top speed, in carrying 
out this measurement the basal rate of 
oxygen consumption is first determined. 
Then at a given signal the runner holds 
liis breath and sprints down a long 
corridor. lie makes his next expiration 
into a rubber bag or spirometer at the 
end of the corridor so that all his ex- 
pired air for the next half liour or more 
can be collected and analyzed. The 
results which we have obtained in this 
way on 19 difierent runners give an 
av(‘rage figure of 13.2 horse powder. 
According to the measurements of A. 
V. Hill® only a little less than half of 
this total energy would be available dur- 
ing the actual race. This is drawn from 
reserves within the body (probably 
phosphocreatine breakdown) which are 
replenished in recovery. Therefore, we 
may (estimate the total energy expended 
during the race at 6 horse power. Only 
one tw^elfth of th(» total energy available 
is therefore used in overcoming the ex- 
ternal rc'sistance. 

Some work is also done against 
gravity in running. The body rises 
and falls slightly at each step and this 
amount can also be determined from 
th(» moving jiictures. This item amounts 
to an additional 0.1 horse powder. Thus 
out of a total of 6 liorse powder only 
1/10 has been accounted for. 

SWTNTOINO THE ArMS AND LeGS TtTE 

Internal Resistance 

These results, how^ever, do not tell us 
the limiting factor — why we can not 
run any faster. They only tell us how 
much external propelling force w^e exert 
at maximum speed. What we want to 
know^ is W'hy we can not expend a 

0 This is the method described by R. M. Sar- 
gent, 1926. Proc. Roy. Soc. B, c, 10. 

« A. V. Hill, ** Muscular Activity,’’ Ralti- 
riiorc, 1926. 




Fig. li. MoVAUI.K PLATFOKM in THK running TRAi K for the MEASrUFMFN’T OF THE 
HORIZONTAL PRESSURES KXKKTKD AGAINST THE GROUND IIV THK FOOT. TllE THREADS Al'KOSS THE 
TRACK BREAK ELKCTRK’AL CIRCUITS AND ARK USI:D FOR THE MEASUREMENT OF Till* VELOCITY OF 
THK HODY. (From Flnn, Am, Jour, rhysml.j 1930 .) 


ji:ruator propellinj? force— why the pro- 
jiolling force decrease.s from 50 kgm. at 
the start of a race to only 5 kgm. at top 
speed The reason for this is that in- 
en»asing energy is needed to move the 
arms and legs as the speed increases, 
/. e., to overcome the internal resistance 
of the [larts of the machine. The leg 
must be moved forward quickly enough 
to catch the body before it falls and it 
must be moved backwards quickly 
enough so that it will not ‘‘drag/’ The 
limiting factor in running does not lie, 
therefore, in the external resistance, but 
in the internal re.nstance, 

A simple experiment which any one 
can do at home convinces one of the 
difficulty of swinging the legs. During 
a sprint each foot touches the ground 
about twice in each second. Try stand- 
ing on a stool and swinging one foot 
backwards and forwards as quickly as 
possible through an arc comparable to 


that used in running. The author’s time 
was 15 complete* swings in 7 seconds or 
almost exactly twice per second as in 
sprinting. Most of the effort of 
running comes from swinging the legs. 
The small simultaneous push given to 
the body is a small item in comparison 
and is largely done by extending the 
ankle joint. 

The emblem of the Isle of Man repre- 
sents three human legs radiating from 
a common center like the spokes of a 
wheel (Fig. 4). This might suggest 
that the inhabitants of this island in 
early times had discovered the truth of 
these observations concerning the work 
of swinging the limbs and had thus 
visualized a new and much more effici- 
ent method of locomotion in which the 
limbs could rotate in complete circles. 
Once endowed with the necessary 
kinetic energy these limbs could be left 
to rotate by themselves with further ad- 
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ditions of energy sufficient only to over- 
come friction in the bearings. Sup- 
posedly the time will come when only 
an anatomical absurdity of this kind 
will serve to break the world’s record 
for the 100-yard dash at tlie Olympic 
meet. Or perhaps some acrobat will 
become so proficient at turning cart- 
wheels at constant angular velocity that 
he can outdistance all comp(*titors. 

Thus far the argument has been 
fairly simple, but the next step de- 
manded an appeal to the cinematograph 
and much laborious measurement and 
calculation before the answcT was clear. 
Why is swinging the legs so difficult? 
Is it because the legs are so lieavy that 
the force exerted by the muscles is in- 
sufficient to move them any faster or is 
there some physiological reason why 
muscles cannot pull hard against 
rapidly moving limbs? It turns out 
that both these answers are correct 
The problem lies in apportioning the 
work between these two factors. How 
much of the icork of leg -swinging is 
actually expended %n working on the 
legs and how much in merely trying to 
work on them. 

We can not measure as yet how much 
energy a muscle expends in trying to 
pull against a moving limb, i,e , in try- 
ing to shorten rapidly enough to main- 
tain a strong pull against it. We can, 
)iow(‘ver, measure from the moving pic- 
tures how much work the muscles actu- 
ally do against the limbs. For this pur- 
pose it is necessary to know the velocity 
with which they are moving at different 
times in the running cycle. This is 
measured by projecting the film picture 
by picture and measuring the angles of 
arms and legs. Knowing the velocity 
with which they are moving the kinetic 
energy can be calculated from the pro- 
duct of half the mass, m, by the square 
of the velocity v^. 

In the case of the upper and lower 
arms and the upper leg it is found that 


the energy passes through a maximum 
once during each forward swung and 
once during each backward swung. The 
maximum is much higher in the fore 
arm than in the upper arm because the 
former is farther removed from the 
shoulder joint. Likewise the kinetic 
energy of the low^er leg, due to its 
double rotation around both the knee 
and the hip and to its greater distance 
from the hip, is much higher than for 
the ui)per leg. Moreover in one double 
step the kinetic energy developed by 
one lower leg passes through three 
maxima; one while the foot is on the 
ground ; i e . during the backward swing, 
one w’hen the leg is lifted and the knee 
flexed behind the body, and one when 
the leg is thrown foiwvard. All these 
must be taken into account in calculat- 
ing the total rale of energy expenditure 
(horsepower) due to swinging the limbs. 
Ofie of the points stressed in coaching 
runners is to reduce the flexion of the 
knee behind the body to a minimum. 
This reduces the height of the second 
of these maxima of energy and so elimi- 
nates this w’asted effort. 

By such calculations from the mov- 
ing pictur(‘s of a s(*ries of 21 normal 
college undergraduat(‘s running at top 
speed WT found an av(*rage expenditure 
of 1.67 horse pow^r in accelerating the 
limbs with an additional 0.G7 horse 
power in decelerating them. The 
former is expended in raising the ve- 
locity of the limbs to a maximum both 
on the forward and on the backward 
swdngs and the latter is expended in 
reducing this velocity again to zero, at 
the end of each swing. Thus if the 
runner can develop 6 horse power for 
the sprint, 2.37 horse power goes to 
swinging the limbs. The kinetic energy 
of a leg at full speed is therefore no 
small item. It serves to hurl footballs 
over far distant goal posts and if trans- 
ferred to a 150 lb. man by forcible 
collision it would raise him bodily 5 
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inches into the air. Those inhabitants 
of the Isle of Man knew their physics 
well. 

The argument may now be sum- 
marized as follows: 


Total energy for complete 
recovery 

Energy available during 
race 

Air plus ground resistance 

Gravity 

Swinging arms and legs 

Total measured as mechani- 
cal work 


13 horse power 

(5 hor8(‘ power 
0.5 horse power 
0.1 
2.37 

2.97 


We are thus able to account for 50 per 
cent, of the energy available during the 
race. Even the Diesel engine is only 35 
per cent, efficient. Actually the effi- 
ciency of the runner is probably oven 
greater than 50 per cent, for we have 
left out of our balance sheet altogether 
the energy used by the heart and that 
which is used in contracting the muscles 
of the trunk and the neck to give the 
body the necessary rigidity. This fix- 
ation energy may be rather a large item. 
Here then is one of the simplest and 
most well defined of the many biological 
phenomena which, in the present state 
of our knowledge, seem to us beyond 
the realm of possibility. Tt is Mother 
Nature’s challenge. Can man with all 
his ingenuity construct a machine which 
will accept chemical energy, probably 
(l(‘rived from the breakdown in the 
muscle of a (recently discovered) sub- 
stance phosphocreatine, and will trans- 
form this chemical energy into mechani- 
cal energy into mechanical work, with- 
out an intermediate heat stage, and 
with at least 50 per cent, efficiency? 


How THE Limbs Get Ahead of the 
M usciiEs 

It has been suggested that some of 
the remaining 50 per cent, of the 
energy is spent in “trying” to pull 
against the rapidly moving limbs. It 
is not yet possible to say definitely how 
much this energy amounts to, but it is 



Fio. 4. Emblem or the Isle or Man. 
(From Webster Dictionarv, see ‘^tris- 

KKLION.’^) HyMBOLIZES A METHOD Or ESCAPE 
FROM TIIK LIMITING FACTOR IN RUNNING. 

possible to gain a clearer idea of how 
difficult it is for the muscles to keep up 
with the limbs as they swing by de- 
termining how rapidlif the force falls off 
in a muscle as its speed of shortening 
increases. In isolated muscles this can 
be measured directly as Hill has done^ 
In human muscles it is possible to mea- 
sure how^ the force wiiich the limb can 
exert against some external dynamom- 
eter decreases as the speed of move- 
ment increases. This Hill has also done"* 
but the results are complicated by the 
possibility of nervous intervention. I 
have recently been able to estimate this 
relation between tension exerted and 
speed of shortening in man in the follow- 
ing way.'* 

It is a fundamental law of physics 
that the acceleration with which a body 
moves is proportional to the forces ex- 
erted upon it. Hence if wt can de- 
termine how the acceleration changes 
with velocity of movement we shall 
know how the force changes. The 
acceleration is the rate with which the 

T ‘‘Muscular Activity,^' Chapter I. 

»“The Maximum Work of Human Muscle 
and Their Most Economical Speed,’* A. V. 
Hill, J. Physiol. 56, 19, 1922. 

» These results will soon be published in de- 
tail. 
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Tdooity is inereasing. The velocity is 
detenuined by arranging for the arm or 
leg to drag a pointer along a revolving 
drum as it swings ; then the greater the 
velocity the steeper the slope of the 
curve traced on the drum. The accelera- 
tion is the rate with which the steep- 
ness of tile curve increases. The sub- 
ject flexes his knee or his elbow and 
tries to extend it as hard as possible 
against a strong spring balance which 
measures the force developed. The 
limb is then suddenly released so that 
it is free to fly out under the influence 
of the tension already existing in the 
muscles. From the drum record which 
is traced as the limb flies out, the accel- 
eration is determined. It is found that 
the accelerating force decreases as the 
velocity increases. By averaging to- 
gether the records obtained in many 
experiments it is found that the accel- 
eration and hence the tension of the 
muscles decrease 3.2 per cent, when the 
velocity of shortening of the muscle is 
10 per cent, of its length per second. 
By the time the limb has moved 4.5 cm, 
sufScient time has elapsed (about 0.01 
seconds) to permit some reflex relaxa- 
tion of the muscles to take place. Hence 
this value must be calculated from the 
record inscribed during the first 4 or 5 
centimeters of movement. After mov- 
ing this distance the muscles are short- 
ening at a rate of about 60 or 80 per 
cent, of their length per second and 
accordingly the force has dropped off 
19 to 25 per cent. 

From these experiments we find that 
the muscles lose 3.2 per cent, of their 
tension for an increase in their rate of 
shortening of 10 per cent, of their 
length per second. Is this sufficient to 
account for the difficulty observed in 
exerting tension against a moving limbf 

From the movies the rates of flexion 
or extension of the knee and hip joints 
at every moment during the running 
cycle are known. By reference to ana- 


tomical papers the lengths of the lever 
arms of the various muscles concerned 
can be known and so the corresponding 
maximum rates of shortening of these 
muscles can be estimated. In this way 
it is found that one of the extensor 
muscles of the knee, the rectus femoris, 
shortens at a maximiun rate of 360 per 
cent, of its length per second while one 
of the flexors of the knee, the biceps 
femoris, shortens at a maximum rate of 
373 per cent, of its length per second. 
At these rates of shortening the force 
lost by the muscles would be 360/10 
X 3.2 or 115 per cent, (and 119 per 
cent.). This approximate figure is suffi- 
cient to tell us the story. At the maxi- 
mum speeds of shortening observed in 
the body, the muscles would be able to 
exert no external tension and hence 
could produce no further acceleration. 
This, therefore, is the process that sets 
a limit to the speed of movement. 

It is necessary to ask one further 
question, even though no answer is 
forthcoming as yet. What is it that 
prevents the muscles from exerting ten- 
sion at these high speeds of shortening t 
There would seem to be two possible 
answers to this question both of which 
involve fundamental concepts of muscle 
physiology. 

If a muscle exerts tension against an 
immovable object it must spend energy 
continuously as long as the tension is 
maintained. We may describe this by 
saying that the muscle continuously 
loses tension at a certain rate and that 
the energy expended is necessary for the 
continuous redevelopment of this ten- 
sion. Eight years ago, while working in 
Hill’s laboratory in London the writer 
was able to show^** that when a muscle 
was shortening it expended more energy, 
and when it was being stretched it ex- 
pended less energy than when it was 
merely contracting without change of 

10 W. O. Fenn, "A Oompariaon between the 
Energy liberated and the Work Performed." 
Jowr. Physiol., 68, 176, 1928. 
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length. We may describe this by saying 
that in shortening it loses tension at a 
greater rate and in lengthening it loses 
tension at a lesser rate than when stimu- 
lated at constant length. Consequently 
the rate of redevelopment of tension 
must be greater while it is shortening 
and less while it is lengthening than 
when it is of fixed length. The added 
necessity for redeveloping tension dur- 
ing shortening and the delay in the 
chemical reactions necessary to supply 
energy for this process is one of the fac- 
tors which limit the tension in moving 
muscles. The other factor contributing 
to the loss of tension in shortening 
muscles is the viscous elastic effect 
studied by Hill. By this we should 
mean a mechanical delay in the develop- 
ment of tension due perhaps to the vis- 
cosity of the internal medium of the mus- 
cle. Certain structural rearrangements, 
if only of molecular dimensions, must 


obviously be required for the external 
manifestation of tension in a muscle, and 
these would certainly be interfered with 
by internal frictional resistance. The 
exact apportioning of the tension loss in 
shortening between these two factors is 
yet to be accomplished. Also we do not 
yet know how much of the total energy 
mobilized for the race appears directly 
as heat due to the inefficiency of the ma- 
chine. Both of these questions are of 
great importance for the physiology of 
muscles. 

In spite of these perplexities we shall 
still have our races and our runners. 
The less they know about the whys and 
wherefores of their remarkable machin- 
ery the better they will run and all our 
knowledge probably will not take one 
fraction of a second off their best times. 
But we have at least gained a better 
idea of why every last fraction of a 
second is needed. 



WORD PAINTING 

By Dr. C. H. BENJAMIN 

ALTADENA, CALITOBNIA 


Descriptive writing in prose or verse 
is akin to drawing and painting, in that 
both aim so to clothe an idea which exists 
in the mind of author or artist that it 
may be intelligible and pleasing to the 
public, or at least a part of the public. 
In either case, the success of the pro- 
ducer is measured by the reality and 
vividness which he gives to his idea in 
the mind of the recipient. 

In the work of the artist we note two 
important steps: first, the drawing of 
the outline or structure ; second, the fill- 
ing in with light and shade and color, 
to bring out the picture in relief and 
give to it realism or impressionism, as 
the ease may be. The first is more a 
matter of mathematics than of art, since 
the outline must be correct in proportion 
and perspective. The second is a ques- 
tion of artistic rendering, involving the 
use of the imagination and of certain 
tricks of light and color which shall pro- 
duce the desired effect on the eye of 
the beholder. The great artist does not 
paint things as they really are but as 
they appear, and by a skilful manipula- 
tion of certain colors creates an atmos- 
phere and an impression which em- 
phasize his idea. 

In like manner the author forms the 
skeletons of his sentences with nouns and 
verbs which convey the main ideas, as, 
“The sun shines,” “ The wind blows,” 
“The man walks.” To elaborate his 
idea and to produce a vivid impression 
on the mind of the reader, he embellishes 
his sentences with adjectives and ad- 
verbs: “The wintry sun shines feebly.” 
“The summer wind blows fitfully.” 
“The solitary man walks stealthily.” 

We may liken the qualifying words to 
color media, since they give life and 


form to otherwise vague and incomplete 
ideas, and as artists vary in their treat- 
ment of a theme, using different keys 
and different color schemes, so authors 
may vary their interpretations and by 
the use of different “word colors” pro- 
duce divers effects on the minds of their 
readers. 

The present paper is an attempt to 
analyze the use of qualifying words by 
various writers of prose and poetry and 
to determine, if possible, the character- 
istics of their various “color schemes.” 
For the purposes of this study were 
chosen three English poets, Milton, Ten- 
nyson and Keats; three English prose 
writers, Scott, Dickens and Thackeray; 
three Ajnerican poets, Bryant, Longfel- 
low and Whittier, and three American 
prose writers, Irving, Hawthorne and 
Foe. 

An attempt to include certain essay- 
ists, such as Addison, Carlyle and Emer- 
son, revealed the fact that their adjec- 
tives could not be classified with those 
of the poets and writers of fiction, since 
the ideas presented by the essayists were 
so much more abstract in their character. 
You can not well compare a description 
of an emotion or a virtue with those of 
people, landscapes and buildings. 

In a general way the extracts chosen 
for study were of two classes: (a) De- 
scriptions of outdoor scenery; (b) de- 
scriptions of indoor scenes, including 
descriptions of persons present. 

The selections were of various lengths, 
containing all the way from four hun- 
dred to three thousand words each, the 
total number of words from each writer 
being three or four thousand. A care- 
ful count was then made of the adjec- 
tives and adverbs in each selection and 
these modifiers were arranged in classes, 
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according to their significations. Con- 
siderable difiSculty was experienced in 
determining the most rational method of 
classification and several plans were 
tried and discarded. The following 
method was finally chosen and, while not 
by any means perfect, seems to be fairly 
satisfactory. 

(1) Adjectives of appearance or sight, 
including color, value (light and shade), 
form or outline, and texture; (2) ad- 
jectives of quantity and place, including 
size, number, location, motion (this divi- 
sion includes most of the adverbs) ; (3) 
adjectives of the senses other than sight, 
including sound (pleasant and unpleas- 
ant), touch, taste and smell; (4) mis- 
cellaneous, including time and abstract 
adjectives (pleasant, unpleasant and 
neutral), moral and mental qualifica- 
tions. 

It was at first intended to classify 
sound adjectives as to pitch, time, qual- 
ity, etc., and to specify under touch such 
qualities as shape, texture and tempera- 
ture, but the very limited use of the 
sense a<ljectives other than those of sight 
made this unnecessary. Value is used 
in its artistic sense to signify light and 
shade, brilliancy and dimness. 

The adverbs are for the most part in- 
cluded in the subclasses of motion and 
time. Participles used in the sense of 
adjectives are included in the motion 
subclass. Sounds are distinguished as 
pleasant and unpleasant, and silence, or 
absence of sound, is included in the 
classification. Time is distinguished as 
long or short, past or present, and of 
course includes many adverbs. 

All adjectives which have reference 
to spiritual rather than physical attri- 
butes are put in the fourth class. They 
are subdivided according as they indi- 
cate pleasant and good qualities or the 
reverse. The third subclass of neuter 
abstract qualities is a sort of rubbish 
heap for adjectives that refuse to be 
classified otherwise. 


Selections 

1. Milton , — For outdoor description 
is selected from “Paradise Lost,’^ Book 
IV, lines 160 to 268, a description of 
Eden and of Satan’s first visit. This 
selection mentions the approach of the 
fallen angel to the outer wall, the view 
from the Tree of Life and of the river. 
This was written about the year 1664, 
some ten or twelve years after Milton be- 
came blind. As a contrast to this are 
chosen ‘ ‘ J1 Penscroso ’ ’ and ‘ ‘ L ’Allegro, ’ ’ 
both written about 1632, when Milton 
was a young man and living in his fa- 
ther’s liouse. These arc apostrophes to 
Melancholy and to Mirth respectively. 

The extract from “Paradise Lost’’ is 
notable for adjectives of texture, touch 
and smell, and deficient relatively in 
those of value and sound. The last 
deficiency is the more remarkable when 
we consider that in the two earlier selec- 
tions, “II Penscroso” and “L ’Allegro,” 
adjectives denoting pleasant sounds are 
relatively numerous. Milton was noted 
as a musician, and it hardly seems that 
loss of sight would change his feelings in 
this respect. 

“II Penscroso” is strong in adjectives 
of value and weak in those of color, this 
probably due to the nature of his theme. 
“L ’Allegro,” on the other hand, is not- 
able for its color adjectives and for those 
of pleasant sound ; this also might have 
been expected. In abstract adjectives of 
a pleasant character, “II Penscroso” is 
far in the lead of both the other selec- 
tions. This may perhaps be understood 
when we remember that the poem tells 
of the pleasures of melancholy and not 
of its pains. It would naturally be as- 
sumed that verses written after Mil- 
ton’s blindness had come upon him 
would be deficient in the adjectives of 
sight and appearance. Inspection, how- 
ever, shows the same number of these in 
the extract from “Paradise Lost” as in 
the two poems written in his youth. 
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This may be best explained in the 
poet’s own words : 

but thou 

Bevisit’st not these eyes that roil in vain 
To find thy piercing; ray, but find no dawn; 

8o thick a drop serene hath quenched their 
orbs, 

Or dim suffusion veiled. Yet not the more 
Cease I to wander where the senses haunt, 
Clear sprinf?, or shady grove, or sunny hill 
Smit with the lovo of sacred song;i 

The most noticeable peculiarity of the 
later poem is the unusual number of ad- 
jectives expressing smell or odor, there 
being twelve of these in a thousand 
words. When we consider the fact that 
this class of modifiers is rare and is en- 
tirely absent from most of the selections, 
this exception becomes even more 
noticeable. Pleasant odors made up in 
part for loss of light and color. 

2. Tennyson , — The selections from 
Tennyson are: for outdoor life, ^‘The 
Lotus Eaters’’ and Mariana” of his 
earlier poems and an extract from 
^‘Maud” (1855), ‘^Come into the gar- 
den, Maud” ; for indoor and personal de- 
scription, ^‘The Lady of Shalott” (1832) 
and the prologue of ”Thc Princess” 
(1847). 

One notices first in these groups the 
comparative paucity of descriptive words 
in the two later poems, ‘^Maud” and 
‘‘The Princess,” the percentage being 
smaller than in any other selections 
listed. On the other hand, “Mariana” 
and “The Lady of Shalott” contain 
more than the usual number of adjec- 
tives. It is to be noted, however, that 
this number is swelled by repetitions and 
refrains as is the case with the word 
“aweary” in the former poem. 

The lack of adjectives in some of Ten- 
nyson ’s poems is accounted for by the 
fact that he frequently uses nouns in a 
descriptive fashion, especially color- 
nouns. All the extracts analyzed show 
a marked deficiency in sense adjectives 
other than those of sight. “The Lotus 

1 “Paradise Lost,” Book III, lines 22-29. 


Eaters” and “Mariana” have an un- 
usual number of abstract adjectives of 
an unpleasant sort, while in “The Prin- 
cess” pleasant ones are more numerous. 
These differences are due to the subject 
rather than to any peculiarity of the 
diction. 

A rough comparison of Tennyson with 
Milton indicates that the latter is more 
fertile in artistic and sensory adjectives, 
while Tennyson leads in the use of ab- 
stract and subjective modifiers. 

3. Keats , — Two selections from Keats 
were analyzed, one of three hundred 
lines from Book I of “Endymion” for 
outdoor description, and one of seven- 
teen stanzas from the “Eve of St. 
Agnes.” The passage from “Eridym- 
ion” describes the scene of the poem on 
the sides of Latmos. 

Contrary to expectations, these proved 
to be less rich in adjectives than the 
selections from Milton or the earlier 
poems of Tennyson. “Endymion” is 
remarkable for the number of adjectives 
of color, texture and size, and the “Eve 
of St. Agnes” for those expressing pleas- 
urable emotions. In general, it is to be 
expected that natural scenery will re- 
quire more objective modifiers for its de- 
scription, while indoor scenes, with their 
actors and actresses, will call for the ab- 
stract or subjective. The extract from 
“Endymion” contains six adjectives ex- 
pressing odors and, with the exception of 
the extract from “Paradise Lost,” takes 
the lead in this respect. 

4. Bryant , — Bryant is generally con- 
sidered a “nature poet” and is by some 
compared to Wordsworth in this regard. 
Several of his shorter poems were se- 
lected for comparison, the “Fountain,” 
“The Rivulet” and “The Prairie” for 
the nature group, “The African Chief” 
and “The Damsel of Peru” for personal 
description. The dates of their produc- 
tion are unknown to the writer. 

The “Fountain” contains thirty-one 
color adjectives in a total of about a 
thousand words, more than double the 
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proportion found in any of the other 
poems examined, either English or 
American. About one half of the modi- 
fiers in this poem belong to the artistic 
or sight group, an unusual ratio. “The 
Eivulet” and “The Prairie” have a 
large number of time modifiers, more 
than one fourth being of this character 
in the former poem. Both these poems 
are rich in descriptive words, “The 
Rivulet” having the largest ratio of any 
selection analyzed. 

“The African Chief” and “The Dam- 
sel of Peru” are not remarkable as de- 
scriptive selections. The former has 
many unpleasant abstract modifiers and 
the latter a large proportion of pleasant 
sounds and qualities. 

The five selections chosen contain no 
adjectives of smell and only two of 
taste. 

5. Longfellow. — A selection from 
“Evangeline” contains about 2,500 
words and was chosen to illustrate na- 
ture description, being a picture of the 
bayous of Louisiana, while “Lady Went- 
worth” and “King Robert of Sicily” 
supply the personal coloring. The per- 
centage of modifiers is about the same in 
all three poems and compares favorably 
with those of the English poets. “Evan- 
geline” was the earlier poem, written 
about 1847, fifteen years earlier than the 
other two. It is remarkable for adjec- 
tives of size, location and motion, rather 
than those of color or value. Over one 
third of the whole number of modifiers 
belong to the “geometric” class. Pleas- 
ant sounds are noticeable, while pleasant 
and unpleasant emotions are equally rep- 
resented in the abstract modifiers. 

In the last two selections, “King 
Robert” and “Lady Wentworth,” the 
“sensory group” is almost negligible 
and the other three groups about nor- 
mal. Pleasant adjectives largely exceed 
the unpleasant in “Lady Wentworth,” 
but in “King Robert” about one fourth 
of the whole number of modifiers are un- 
pleasant. 


6. Whittier . — ^Extracts of 2,600 and 
2,900 words, respectively, from “Snow- 
Bound” and from “The Preacher” 
serve to illustrate the Quaker poet’s 
powers of description. The selection 
from “Snow-Bound” contains the pic- 
ture of the farmhouse and its surround- 
ings after the storm. The proportion of 
descriptive words is about the same as 
in Longfellow, but Whittier uses more 
abstract adjectives than the other poet, 
more than a third of the total number in 
each poem being of this group. 

“Snow-Bound” is rich in the artistic 
adjectives, while in “The Preacher” 
those of location and motion predomi- 
nate. Pleasant adjectives are more 
numerous than unpleasant in the former 
poem, but in the latter they are evenly 
balanced. 

Comparing the averages for the six 
poets just considered, we find them to 
rank as follows in the percentage of de- 
scriptive words : 

Bryant . 14.1 per cent. 

Milton .. 13.8 “ “ 

Whittier . . 11.9 “ “ 

Longfellow . « 11.5 “ 

Keats . 10.9 

Tennyson . . 9.2 

General average 11.9 ** ** 

Bryant and Milton are in a class by 
themselves in this particular, while Ten- 
nyson is low, as before explained, be- 
cause of his preference for color nouns. 

PaosB Wbitebs 

In order to make a fair comparison it 
was found necessary to confine the 
analysis to writers of fiction. 

7. Scott . — ^“Anne of Geirstein” was 
chosen for outdoor description and 
“Ivanhoe” for indoor. The first ex- 
tract narrates the approach of Arthur 
and his father to Geirstein and describes 
the Alpine scenery. In the second se- 
lection appears the description of Athel- 
stane’s banquet hall and of his house- 
hold. Both descriptions are weak in 
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color adjectives and strong in those of 
form, size and texture. Geirstein is 
particularly rich in modifiers of location 
and motion. Probably this is due to the 
nature of the Alpine scenery portrayed. 
In Geirstein the greater number of ab- 
stract modifiers are unpleasant, while in 
Ivanhoe the reverse is true. 

When we remember that the first se- 
lection is a description of wild mountain 
scenery and of the difficulties and 
dangers of travel and that the second 
passage portrays a feudal banquet hall 
and the assembly of nobles and retainers 
for a feast, we can easily account for 
this difference. 

On the whole, the Geirstein is richer 
in adjectives, but when we find only 
five words of color out of a total number 
of 331 modifiers, in a description of 
natural scenery, w'e must conclude that 
the writer is not affected by color as are 
most of us. 

8. Dickens . — For nature description a 
selection from “Old Curiosity Shop” is 
chosen, and for indoor life an extract 
from “Pickwick Papers.” The first 
contains a part of the travels of Little 
Nell and her grandfather, and the sec- 
ond tells of the Christmas party at 
Wardles’. The outdoor description, in 
the number and character of its adjec- 
tives, corresponds closely to that of 
Geirstein just noticed, and the observa- 
tions made concerning Scott’s descrip- 
tion will apply here. A general weak- 
ness in the sensory and artistic modifiers 
and a strong predominance of those per- 
taining to size and location and to ab- 
tract qualities characterize both. 

Compare Keats or Bryant, using 
thirty-one color adjectives each, or Whit- 
tier using twenty-six, with the five and 
nine respectively of Scott and Dickens. 
Pickwick naturally contains a large pro- 
portion of abstract modifiers — ^more than 
half of the whole number used. The 
pleasant adjectives outnumber the un- 
pleasant about two to one. Thirty ad- 
jectives of size and forty-three of time 


emphasize the tendency of Dickens to 
contrast the big and little, the old and 
new. 

9. Thackeray, — Thackeray’s descrip- 
tion of Killarney in the “Irish Sketch 
Book” is used for one example and his 
account of Charles Honeyman’s hermit- 
age in “The Newcomes” for the other. 
Thackeray redeems himself by using no 
less than sixteen color adjectives in the 
first selection. As is the case with Dick- 
ens and Scott, the greater number of his 
descriptive words pertain to texture, 
size, location and motion, 138 out of 294 
in this category. Pleasant sounds and 
pleasant emotions predominate. 

Six adjectives of smell are found — an 
unusual number. 

10. Irving . — A description of the jour- 
ney from Seville to Granada in the open- 
ing chapter of “The Alhambra” has 
been chosen to illustrate Irving’s de- 
scription of natural scenery, and 
“Christmas Eve at Bracebridge Hall” 
has been selected for the indoor picture. 
In both these the author shows his fond- 
ness for subjective rather than objective 
study, nearly one half of his adjectives 
being of an abstract character. Adjec- 
tives of color and value are almost en- 
tirely absent, while the geometric modi- 
fiers are numerous. 

In “The Alhambra” eighty-three ad- 
jectives of the pleasant and unpleasant 
emotions show the tendency of Irving to 
moralize. In both selections sensory ad- 
jectives are wanting, if we except a few 
descriptions of sound. In “Christmas 
Eve” seventy-three modifiers indicative 
of time as against forty-three in a sim- 
ilar picture by Dickens, just quoted, 
show that Irving has his English con- 
temporary beaten on his own ground. 
In geometric words of size, number, etc., 
Irving also has the lead by 50 per cent. 
It is interesting to note that the earlier 
selection is richer in modifiers than one 
from “The Alhambra” written a dozen 
years later. 

11. Hawthorne. — Hawthorne’s “Mar- 
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ble Faun’’ and his “Mosses from an Old 
Manse ’ ’ were chosen for illustration. An 
extract was taken from the former de- 
scribing the Suburban Villa in Chapter 
VIII, to serve for outdoor description, 
while the description of the Old Manse 
itself answers for the indoor. The 
emotional adjectives predominate in both 
descriptions, particularly those of age 
and time. This is natural in view of the 
themes treated. There is little differ- 
ence between the two selections as re- 
gards the classes of modifiers used. 
Both are relatively weak in artistic and 
sensory adjectives and strong in those of 
size, location and motion. In this re- 
spect they are much the same as the 
selections from Irving just noticed. 
There is much of sentiment in them all 
and a tendency to moralize on the past. 

12. Poe , — The description of the 
“Domain of Arnheim” from the tale of 
that name was chosen to illustrate Poe’s 
power of outdoor delineation. His ac- 
count of Usher and his surroundings in 
the “Pall of the House of Usher’’ shows 
the character of his indoor work. In 
Arnheim we find a wealth of adjectives 
exceeding that of any prose writer 
chosen and equaled only by Bryant 
among the poets. The larger number of 
these are in the first two groups, the 
artistic and the geometric. All these are 
well represented, while sensory adjec- 
tives are few in number and the abstract 
modifiers are only moderately repre- 
sented. But ten adjectives of an un- 
pleasant character out of a total of 281 
show that Poe could be cheerful when 
he wished. 

Usher has but few color adjectives and 
more of light and shade. It differs in 
a marked degree from Arnheim in that 
nearly half of the adjectives are in the 
emotional group and that the unpleasant 
ones are in the majority. Sixty-four ad- 
jectives of this last character stamp 
Usher as preeminently a sad tale. It is 
not, however, as rich in adjectives as a 
whole. 


Comparing the six prose selections as 
we have those of poetry, the writers 
stand in the following order as regards 
the percentage of adjectives used : 


Poe 

. 15.1 

per 

Hawthorne 

13.7 

a 

Dickens 

12.3 

tt 

Thackeray 

11.5 

it 

Scott 

. 11.4 

it 

Irving 

11.4 

( ( 

General average 

12.6 

it 


Poe is the leader in this list, as prob- 
ably was to have been expected, with 
Hawthorne a good second. Further- 
more he leads all the authors quoted, 
prose writers and poets included. A 
comparison of the averages for writers 

Percentages of adjectives 
1. Outdoor. 2. Indoor. 


Name of 
writer 


Artistic, 
per cent. 

1 Geometric 
per cent. 

0 8 

1 

& S. 

Abstract, 
per cent. 

Milton 

1 

35 

22 

18 

25 

i i 

2 

36 

17 

16 

32 

Tonnyson 

1 

29 

21 

11 

39 

i( 

2 

33 

32 

6 

29 

Keats 

1 

34 

19 

15 

32 

it 

2 

26 

9 

20 

45 

Bryant 

3 

30 

25 

14 

31 

it 

2 

29 

7 

23 

41 

Longfellow 

1 

21 

35 

13 

31 

( < 

2 

30 

28 

7 

35 

Whittier 

1 

26 

24 

12 

38 

a 

2 

21 

26 

10 

43 

Scott 

1 

24 

38 

5 

33 

it 

2 

25 

30 

6 

39 

Dickens 

1 

18 

41 

7 

34 

it 

2 

15 

25 

8 

52 

Thackeray 

1 

18 

42 

9 

31 

< < 

2 

18 

31 

8 

43 

Irving 

. 1 

21 

30 

5 

44 

it 

2 

12 

33 

4 

51 

Hawthorne 

1 

18 

34 

5 

43 

a 

2 

16 

33 

6 

45 

Poe 

1 

31 

41 

3 

25 

it 

. 2 

17 

28 

3 

52 
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of prose and poetry shows little differ- 
ence. In fact, the poets have slightly 
the disadvantage, their general average 
being 11.9 per cent, as against 12.6 per 
cent, for the writers of prose. 

Perhaps after reading this analysis 
one is tempted to say, ‘‘Well, what of 
it?’' Some literary critics are inclined 
to regard the use of adjectives with sus- 
picion and to condemn those writers who 
are too liberal in this respect. This is 
a matter which we will have to leave to 
purists to decide. The present article 
shows the difference in the number and 
in the character of such modifiers as 
used by some of the leading writers of 
fiction and of poetry in England and in 
this country. It is apparent that the 
kind of adjective used is often due to 


the character of the subject, but even 
then the style of the author has its in- 
fluence, as witness the two descriptions 
of a Christmas gathering by Dickens 
and by Irving. The most interesting 
comparison is that of the classes of 
modifiers used by the various writers, 
whether of color, of shade, form, tex- 
ture, etc. 

The accompanying table gives the per- 
centages of each class of adjectives, i.e., 
artistic, geometric, sensory and abstract, 
as compared wdth the whole number of 
modifiers in each selection. Consulta- 
tion of these figures will verify state- 
ments made in the preceding text. The 
complete table of numbers of the various 
modifiers is too long to include in this 
paper. 
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Some time ago when I had the plea- 
sure of addressing the innumerable mul- 
titude of a radio audience I was re- 
warded by one of my hearers giving me 
a more correct location of a specimen to 
which I referred. I hope that this time 
one may write me as consultant in the 
national library in Washington and give 
me the author of this little poem which 
expresses in four lines the three main 
ways in which we measure time : 

And still the hands around the dial creep ; 

And still the burning sands within the glass do 

fall; 

And still the water clock doth drip and weep; 
And that is all. 

The clock dial and the hour-glass 
which I used vainly to shake when I 
practiced the piano by it are familiar, 
but the water clock which measured time 
by the slow accumulation of water, drop 
by drop, is now obsolete. It was a 
method used from classical times well 
through the middle ages. It may repre- 
sent regular recurring paroxysms, while 
the first method represents the progres- 
sive, and the second the periodic methods 
of measuring time. 

It would take many more than twelve 
minutes to describe the many more than 
twelve ways through which men have 
sought to gain an idea of the time it has 
taken to fashion the earth — ^by the wear- 
ing back of Niagara Palls, by the build- 
ing forward of dunes and deltas, by the 
accumulation of salt in the sea or of 
oxygen in the air. But they all may be 
compared to the progressive slipping 
away of the sands of time, as in an hour- 


glass, or to the periodic revolutions of 
the hands of the clock or of the earth 
around the sun, or to the regularly recur- 
rent paroxysms of the water clock. 
Many of the methods can not give very 
accurate results, for they assume, as they 
aU must, that from the present rate of 
activity we can infer the past. But there 
is one action which seems to go on most 
uniformly and does not seem to be 
affected by any temperature or pressure 
likely to occur at the surface of the 
earth. It is that which depends on the 
explosion of atoms like radium. 

Many of you have wrist-watches on 
which the figures are luminous. Some 
evening take a pocket lens and look at 
these figures. You will find that the 
luminosity is not a steady and quiet one 
but that it quivers and is made up of a 
shower of sparks like a bursting rocket. 
Of course, this must be done in the dark. 
In the daytime the eyes will require some 
minutes to grow sensitive. In the eve- 
ning after dark it will probably be only a 
minute or two. 

Each of the sparks you see represents 
the explosion of an atom, like the explo- 
sion of a kernel of eorn in a corn-pop- 
ping machine. The result of that explo- 
sion is in part a gas, the gas helium 
which fills our dirigibles. This corre- 
sponds to the steam given off by the 
pop-corn. 

The atom that explodes is of some 
rare metal. What finally remains per- 
manent is a substance so much like 
ordinary lead that it is one of the most 
difficult problems of physics and chem- 
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istry to separate it from ordinary lead. 
In fact we remember what Mark Twain 
reports of Adam at Niagara Palls that 
when Eve brought him a toad to name, 
he said, '^It looks like a toad and it 
jumps like a toad so we will call it a 
toad.’' We will call it radio lead. 

The metal best studied is uranium, 
which is used to make the yellow glasses 
that protect our eyes from glare. In 
the course of the change from uranium 
to radio lead a number of other rare 
elements are produced and eight atoms 
of helium are given off. One of these 
rare elements is one of the most precious 
things in the world, radium. Therefore 
much study has been given to this series 
of changes. Now if in a pop-corn 
machine we knew how fast the kernels 
were popping we could tell from the 
number that had popped how long the 
machine had been running. If we take 
of a mineral or salt that contains only 
about 1 per cent, of uranium a weight 
equal to that of paper from an eyelet 
hole (0.262 mg) we should get an aver- 
age of about two flashes every ten sec- 
onds (98,000 flashes per gram of 
uranium). Since there are about eight 
flashes for every atom of uranium that 
eiqplodes, if we divide by eight and mul- 
tiply by the thirty-one million (31,556,- 
926) seconds in a year we get the number 
of atoms of lead produced each year — 
about a million (840,000). But even in 
the small quantity of uranium we have 
assumed there are 6,650 million million 
atoms, so that it takes between four and 
five thousand million years for the 
uranium to be half changed to lead, and 
between seventy and eighty million years 
for the amount of lead to reach 1 per 
cent. 

Moreover, with regard to the explod- 
ing atoms it is found that the* more 
rapidly they explode the further are the 
particles thrown, and that these may 
produce a discoloration or halo around 
the decaying mineral. These halos are 
often found in the rocks, and if the rate 


of explosion had varied much in the past 
the size of the halos would too, whereas 
the older halos are little if any greater 
than the recent ones. Thus the rate can 
not have changed much since Cambrian 
times. Holmes estimates that the uncer- 
tainty may be 3 per cent. 

One of the sources of uranium and 
radium has been the yellow mineral 
carnotite, of Colorado. This was formed 
only in the last finished geological period 
and the proportion of lead to uranium 
is less than one in a hundred. Thus it is 
less than seventy million years old. Min- 
erals which were formed at about the 
time the Appalachian Mountains were 
folded have more lead in proportion, 
something like one part in forty or fifty, 
and are more nearly 200 million years 
old. A black coaly substance known as 
kolm from the oldest rocks (the Cam- 
brian) that contain well-marked fossils 
has the purest radio lead known. The 
proportion to the uranium is (.059) one 
to twenty, and it should be 440 million 
years old ; and in still older rocks found 
before we have any well-marked signs of 
life we find minerals whose ratios are as 
high as one in ten or even one in four, 
indicating ages of 1,570 million years 
and perhaps older. 

This sounds very simple and the the- 
ory is indeed quite simple. To find the 
rate at which uranium is changing to 
lead we have only to count the sparks. 
You can not do that with your wrist- 
watch. They are too abundant. But by 
taking a small enough quantity they can 
be counted. How many atoms there are 
in a gram of uraniiun is easily found 
from well-known chemical facts, and it 
is then comparatively simple from the 
proportion of radio lead to uranium to 
tell how many years ago the mineral was 
formed. The accuracy would depend on 
that of the analyses and the count. 

However, there are certain ifs, as there 
always are in every scientific result. 
Science only reaches a certain probable 
degree of accuracy. One of the difficult 
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problems is to determine how much is 
really radio lead and how much may be 
lead produced from some other source. 
Another is what the chances are that, 
since the mineral formed, uranium or 
lead may have been leached out of it or 
added to it. Another question is 
whether the rate of change of uranium 
to radio lead has always been the same. 
Finally, where did it come from in the 
first place? These are questions which 
we can answer with a considerable de- 
gree of probability except perhaps the 
last one. Always, however, we find that 
around the enlarging area of our knowl- 
edge there is the even greater circumfer- 
ence of our ignorance. For every pro- 
gressive and evolutionary process starts 
with initial conditions for which it does 
not account. The sands of the hour-glass 
would cease running down except that 
from time to time the hour-glass is 
turned over. 

We can, however, say that if uranium 
had been changing to lead at the rate it 
is now changing, and if this process had 
been going on for not merely two or 
three billions of years but tens of bil- 
lions of years, we should have more lead 
in the crust of the earth than we have 
at present. 

In this process of atoms flying apart 
heat is also given off. From uranium 
enough is generated every hour to heat 
its own weight one degree Centigrade. 
If the whole earth had as much of this 
going on as granites have, it would be 
heating up instead of cooling down and 
might be getting ready to explode. 
However, not only is it probable that 
these atoms are more concentrated near 
the surface of the earth (since we do 
not find them so much in meteorites) but 
it has been well suggested by Joly and 
Holmes that just as the steam of a tea- 
kettle would periodically lift up the lid, 
or as a geyser periodically discharges, 
even so any excess of heat generated gets 
enough to overcome the crust resistance 
every twenty or thirty million years and 


then produces a period of volcanoes and 
mountain building and that thus we have 
alternate periods of rest and activity. 
Holmes counts eighteen of these since the 
deposit of the Swedish Kolm 440 million 
years ago. 

It is a task for the geologist to work 
out these cycles and see if they have 
about the length (twenty-four million 
years) indicated. There are niunerous 
ways of so doing. For instance, as we 
tell the age of a horse by the wearing 
down of his teeth, so wc can estimate 
the age of mountains. The younger 
mountains, the Himalayas and the Eock- 
ies, are higher, and in the older moun- 
tains like the Appalachians and those 
around Lake Superior the folds have 
been beveled off until it is literally true 
that the valleys have been exalted and 
the hills laid low. Estimating the load 
caused by the rivers we may estimate 
how fast this action has been going on. 
It has been estimated that 15,000 feet of 
strata have been removed from the 
region of the Eockies and the Grand 
Canyon of the Colorado in the last two 
of Holmes's jieriods at a rate of perhaps 
one foot in 3,000 years. This would 
make the length of these two cycles 
forty-five to sixty million years. The 
thickness of the beds deposited may also 
be used to base an estimate. 

Moreover, as we can tell the age of a 
tree by its rings (note the dates on the 
section of the big tree in front of the 
National Education Association build- 
ing on 16th Street, Washington, D. C.) 
and by the thickness of the rings distin- 
guish good years and poor years and 
sun-spot cycles, and as by the rings of 
its big trees the climatic changes of Cali- 
fornia have been studied by Ellsworth 
Huntington clear back to the famine that 
took place in the days of Elijah, even so 
in fossil trees and stalactites and many 
deposits there is a variation in their 
character at different seasons of the year. 
The clays from melting glaciers are finer 



SCIENCE SERVICE RADIO TALKS 


365 


in the winter, the layers of coal and oil 
shale laid down in certain seasons of the 
year Bradley finds are richer in resins. 
And again, sun-spot cycles and cycles of 
good and bad years may be recognized. 
Moreover, Gilbert and Stamp and Brad- 
ley seem to have identified a banding 
due to a cycle of 26,000 years during 
which the earth changes from having 
its northern winter when it is nearest 
the sun to having it when it is farthest 
from the sun and back again. Thus we 


may estimate directly the time required 
to deposit certain thicknesses of beds. 
Bradley thus comes by an entirely dif- 
ferent way to an estimate of the length 
of the last two of Holmeses periods not 
widely different (2x27,000,000 years). 

Thus if we “speak to the earth “ as 
commanded in the book of Job it will 
teach us that in very truth, as the Psalm- 
ist says, a thousand years are but as a 
day and as a watch in the night of the 
divine economy. 


DOING SOMETHING ABOUT EARTHQUAKES 

By Captain N. H. HECK 

CHIEF OF THE DIVISION OF TERBESTRIAL MAONETISM: AND SEISMOLOGY, U. S. COAST AND GEODETIC 

SURVEY 


Last July there was a severe earth- 
quake in southern Italy which caused 
much damage to property and loss of 
life. Earthquakes and volcanoes have 
long been associated in the public mind, 
and it is, therefore, of special interest 
that Dr. Malladra, director of the Vesu- 
vius Observatory, states that while his 
building was badly rocked by the earth- 
quake and was saved from destruction 
only because the various parts were 
chained together, there was no volcanic 
activity at the time of the earthquake. 

The destruction caused by this earth- 
quake has a possible lesson for us even 
though the conditions are quite different. 
The buildings have thick walls of field 
stones and poor mortar and thick roofs, 
the thickness being intended to keep out 
the heat. Timber is scarce and the roof 
supports are weak. There is, therefore, 
the combination of great weight and lack 
of strength, an ideal arrangement for 
producing maximum earthquake dam- 
age. For many years destroyed houses 
were rebuilt in exactly the same way, to 
fall in the same manner in the next 
earthquake. This is no longer the case 
and the present Italian Government, 
through improved building codes and 
cooperative arrangements in rebuilding, 
has done much to improve the situation. 


In our country there was a period of 
helplessness when there was even an at- 
tempt to deny the existence of earth- 
quakes, but such an attitude is disap- 
pearing before the new possibilities 
which are opening up every day. 

A broad gauge attack on the earth- 
quake* problem is now going on in this 
country, Japan and other parts of the 
earth. 11 includes practically every field 
of interest from interpretation of seis- 
mograph records to design of dams and 
other structures. With all its compre- 
hensiveness there is one serious gap — we 
do not know exactly what goes on in the 
central region of severe earthquake. Ob- 
servers tell us what they have seen, but 
it is well known that eye-witnesses under 
stress are unreliable, however honest 
they may be. The records left in build- 
ings and in the earth itself are invalu- 
able, but they do not tell us just how 
the results were brought about. There 
are almost no records of an earthquake 
of the greatest intensity obtained within 
the region of severe damage, though a 
few have been obtained in Japan. 

The engineer is now demanding this 
information from the seismologist. The 
latter can obtain this, and he is getting 
ready to do it by modifying existing 
seismographs so that they will give the 
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desired record and avoid destruction 
unless the building containing them is 
destroyed. Effort is being made to 
secure the most complete record possible 
at the lowest cost. The seismologist ex- 
pects that in addition to furnishing what 
the engineer desires he can find how 
earthquakes are propagated from the 
central region outward. 

Even with instruments in operation 
it is going to be hard to interpret the 
records. All evidence, such as the way 
cemetery monuments fall or twist on 
their bases, is that the earthquake activ- 
ity is complex. Persons are sure that 
they have seen waves roll across alluvial 
ground like the ground swell of the ocean 
and at a moderate speed, but there is no 
instrumental record of such waves and 
there is no theory to fit them. 

It therefore seems that any attempt to 
use the records of strong motion instru- 
ments directly will fail. The problem 
must be approached indirectly. There 
are now being obtained in southern Cali- 
fornia, a region of numerous small earth- 
quakes, complete records by sensitive in- 
struments of all that occur. The records 
give the time required for the earthquake 
waves to travel to the instrument, yet 
it is difficult to locate the earthquakes 
with the desired accuracy. The reason 
is best explained by reference to so- 
called seismic prospecting. Somewhere 
in Texas, for example, a great blast is 
fired and the waves passing through the 
earth are recorded by seismographs. 
The different geological formations affect 
the path and behavior of the waves, and 
these effects make it possible to trace the 
formations. 

The fact that surface layers affect the 
earthquake waves is an advantage in 
finding oil, but a detriment to earth- 
quake study. Many observations are 
being made, and the results should be 
useful in the case of severe earthquakes. 

The records of a distant station show 
that much of the complex activity of the 
central region has disappeared with dis- 


tance from center, and that even though 
there be several centers of the shock only 
the greatest outburst sends energy to a 
distance. The simplification of the dis- 
tant record gives another possible line of 
attack, that is, to close in on the earth- 
quake from the outside, so to speak, and 
extract from records taken at a moderate 
distance information that is probably 
concealed in them. This field of study is 
immediately available in the records of 
many stations. 

In addition to the earthquake waves 
there is good evidence from observations 
in Japan that the earth tilts in the cen- 
tral region of an earthquake during the 
entire period from one earthquake till 
the next, first in one direction and then 
in the other, and the claim is even made 
that sudden changes in the tilt just be- 
fore an earthquake make it possible to 
predict the occurrence some time in 
advance. A device known as the tilt- 
meter has been designed and put in 
operation, and interesting results have 
already been obtained. Since Japan is a 
very much more active earthquake 
region, its tilts are probably greater than 
anything that would be found in the 
United States. However, it is quite im- 
portant to study by this method regions 
wdiere earthquakes have oecurred in the 
past. An instrument of different design 
from the Japanese is in the process of 
development, but in the meantime Mr. 
John R. Freeman, a prominent civil 
engineer, has made it possible to start 
this study at Stanford University by 
bringing a tiltmeter from Japan and 
lending it to the institution for this 
study. 

Since earthquakes of great severity are 
rare in this country and since we do not 
know where they may occur, it might 
appear that we might install instruments 
and then wait years for records. This 
can be avoided by making the instru- 
ments sensitive to a moderately strong 
shock, of which there is a sufficient num- 
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ber, and besides, regions can be selected 
where strong earthquakes are fairly fre- 
quent, Parts of the Imperial Valley in 
California will meet this requirement if 
history is a guide. 

At best it will be some time before the 
desired information is in the hands of 
the structural engineer, and rightly, the 
engineer is not waiting for it. He is 
designing large buildings, bridges and 
dams as best he can for earthquake 
stress. There has been going on at Stan- 
ford University for several years inves- 
tigation by means of a shaking platform 
of stresses of structures under move- 
ments resembling earthquakes, and also 
studies of foundation materials sub- 
jected to similar vibrations. The plat- 
form, a heavy steel structure, is set into 
vibration by suitable apparatus and, ex- 
cept in the vertical direction, is capable 
of closely imitating earthquake motions, 
provided it is known what these are. An 
immediate use of new information along 
this line is therefore indicated. Other 
engineering studies are being made and 
the elaborate work in Japan along these 
lines is being followed. 


The activities that I have described 
are being carried on by a large number 
of organizations, among which are in- 
cluded the Carnegie Institution of Wash- 
ington, the universities of California, the 
Massachusetts Institute of Technology, 
the U. S. Bureau of Standards and the 
Jesuit Seismological Association. The 
part which the Coast and Geodetic Sur- 
vey, the branch of the government 
charged with seismological investigation, 
is being asked to play is the installation 
and operation of the additional instru- 
ments and the physical interpretation of 
the results — ^work that the federal gov- 
ernment is specially qualified to under- 
take. The interpretation of the results 
in terms of principles of structural de- 
sign is for other organizations. 

The present state of civilization is a 
measure of the success with which man 
has dealt with his environment and fitted 
it to his needs. There have been many 
recent evidences that he has not entirely 
succeeded. One of the efforts of the 
future should be to cut the loss when 
nature exerts its powers which are be- 
yond the control of man. 


IN DEFENSE OF INSECTS 

By Dr. FRANK E. LUTZ 

CURATOE, AMERICAN MUSEUM OF NATURAL HISTORY 


For hundreds of years there has been 
a case before the court of public opinion. 
It is the case of Insects vs. The People. 
From the nature of things, the insects 
have had nothing to say about it, and 
unfortunately they have had very few 
witnesses or active advocates on their 
side. 

One of the charges against insects is 
that they destroy or appropriate to their 
own use about 20 per cent, of our fruit 
crop. In this connection I beg to pre- 
sent to the court the following hypo- 
thetical question. 

Suppose we had never had any 
apples, pears, plums, peaches, oranges, 


strawberries or anything of that sort. 
Suppose, however, that a group of 
strangers brought us delicious samples 
of a great variety of such fruits and 
told us that they, the strangers, could 
make it possible for us to grow all these 
things. Suppose that, in return for this 
possibility which only they could grant, 
they asked that a 20 per cent, commis- 
sion be paid to their relatives. Does the 
court think that this would be an unfair 
proposition? I am sure that we would 
be glad to accept the bargain and then, 
later, we would try very hard to beat 
the relatives out of their 20 per cent. 

Although I have stated this in more 
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figurative language than science is apt 
to use^ it expresses rather exactly the 
relation between insects and our fruit 
crop. There is no disputing that cer- 
tain insects do immense damage, in the 
aggregate, to our orchards, but it is not 
fair to forget that we would not have 
any of those orchards if it had not been 
for other insects that carried pollen 
from flower to flower, enabling the 
plants to set the seed in connection with 
which the fruits develop. 

This process of carrying pollen from 
one flower to another is called cross- 
pollination in contrast to self-pollina- 
tion, the process by which certain flow- 
ers fertilize their seed with their own 
pollen. Whatever may be the possibili- 
ties of self-pollination either as a regu- 
lar practice of some plants or as a last 
resort with others, cross-pollination is 
exceedingly important in the biology of 
the higher plants. Plants with incon- 
spicuous flowers, such as the grasses, 
and trees like maples and oaks secure 
cross-pollination by the inefficient, 
wasteful method of producing vast 
quantities of pollen and allowing the 
wind to blow it over the landscape on 
the chance that here and there a grain 
will fall on another flower. Plants such 
as our fruit trees and berry bushes have 
flowers which are attractive to hundreds 
of kinds of native bees, to flies, to butter- 
flies and to other insects. These insects, 
flying directly from flower to flower, 
accidentally so far as they are con- 
cerned, carry pollen on their bodies and 
bring about the cross-pollination which 
makes possible future generations of the 
plants visited. 

If we were asked what fabrics we owe 
to insects most of us would quickly men- 
tion silk, but we would be likely to stop 
there. In the court of public opinion 
we have heard much about the cotton 
boll weevil, the pink boll worm and per- 
haps half a dozen other insects which 
injure cotton plants, but mention is 
rarely made of the scores of different 
kinds of insects busily flying from cot- 


ton flower to cotton flower carrying the 
pollen that enables the plant to set the 
seed from which we get not only one of 
our most important fabrics but a liter- 
ally astounding lot of by-products made 
from cotton-seed. 

Linen in all its varieties is woven 
from flax, the fibers of insect-pollinated 
plants. But the fabric which shows in 
the most interesting way both the com- 
plexity of biological relations and the 
fundamental importance of pollinating 
insects is wool. 

Sheep may be raised exclusively on 
grasses, such as timothy, that are wind- 
pollinated, but no practical sheep- 
grower would try to do it. He wants 
clovers of some sort, and all kinds of 
clover, including alfalfa, are insect- 
pollinated. The sheep-growers of New 
Zealand imported red-clover seed to im- 
prove their pastures. The red clover 
grew, but the New Zealand sheep-men 
could not get any seed from their clover 
plants for the next year’s crop because 
New Zealand did not have the proper 
insects to pollinate red clover. Bumble- 
bees were introduced from England. 
These insects became established in New 
Zealand and are now year after year 
pollinating clover, making possible con- 
tinuous and rich grazing for the New 
Zealand sheep. Just as we never miss 
the water till the well runs dry, so we 
in America have most thoughtlessly 
taken our clover for granted and have 
overlooked our debt to the native insects 
which have made it possible. 

Of course what is true of wool is true 
of the mutton which it covers. Also, 
the same thing is true of cattle, the beef 
we eat, the milk, the butter, the cheese 
and even the leather on which we walk. 

I am certain that any one who has not 
already done so— -and that means prac- 
tically every one — ^will be surprised at 
the long and important list he can draw 
up of things which we owe to these pol- 
linating insects. Every important vege- 
table in your garden, except com, came 
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directly or indin»ctly from a seed that 
WHS fertilized by ])olleii wliieli insects 
carried. Also your roses and the other 
beautiful flowers, cul1ivat(‘d aud wild 
The tobacco you smoke, if you do smoke. 
The colT(»e, tea and eocoa that you drink. 
The.s(‘ are just sorm* of tiu* thiujjrs we owe 
to flower-visitinjr insects. 

J3ut eveji wund-polliiiated plants must 
liave ^ood soil in which to jjrrow' Dar- 
win rightly ])raised tin* soil makinj^ 
activities of (*artlnvorius and b(‘came 
their mo.st etfeetive pn*ss ajriMit Hisk- 
Jiijjf the fals(* impr(‘.ssion that 1 think the 
value of eartluvorms is overrated, I 
would lik<‘ to ])oiiit out that f^round bur- 
row iiifi: insects are moiv widely — in fact, 
universally--<listributed than are earth- 
worms, that tlu‘y ar(* more numerous in 
any "iv(*n locality and that they are 
much mor(* active Furthermon*- and 
this is a }?enerally overlooked fact an 
additional reason for their bein<j: more 
(*tT(*ctive soil-makers tlian eartlnvonns is 
that they carry ben(‘ath the surface not 
only d<‘cayed l(»av(‘s but ricli nitropfenous 
])lant-food such as manure and the deail 
bodies of animals. 

Time will not jxu’mit even a sketchy 
continuation of this line of thoupfht, but 
perliaps you arc* already about to ask 
how land plants of any kiml ever existed 
without ins(*cts. Otlnu’s Jiave asked that 
(piestion, and a jiart of the answer is 
that p:(‘olop:ical history sIioavs that there 
was no extcmsive p:rowth of land plants 
and no floA\(*rin}i: plants at all before 
insects became av(*11 established on earth 

Let us l)an*ly mention on<» or two 
other items in our tremendous debt to 
insects. Do you like trout fishinpr’ 
What do you try to imitate wdien you tie 
bripfhtly colored tliinj^s to your hooks? 
What makes up practically the entire 
food of our fresh -water fishes? You 
know the ansAver. You OAve your fishin" 
to insects. 

Do you enjoy the sonpf and the siprht 
of birds? Some of these birds are in- 
sectivorous Others are seed-eaters, but 


since evi*n tin* sei^d-eaters art* largely 
indebted to insects for the seeds they 
<‘al, you are indebted to in.sects for tlie 
bin Is themselves. 

Dirds ar(‘ of immi‘asurable value to us 
in th(‘ir beauty of sight and sound, and 
this A’alue, Avliicli is r(‘al, should be a 
sufficient r(*ason for their ])rot(vtion, 
allowing us to droji the sordid and, as 
we now’ know^, largely fictitious reason 
that they stand b(*tA\een us and 11 h‘ imm- 
aee of injurious ins(*cts. 

Xot more than half of one jier (*ent. 
of the tens of thousands of kinds of in- 
.sects in tin* United States are noAV sinu- 
ously injurious to man or to liis jirop- 
erty, and cAum th(‘ best of birds an^ not 
economic entomologists distinguisliing 
betAveen maiFs insi'ct emmiies and his 
insect friends 

Of tlie relatively fcAV kinds of insects 
that are uoav our s(*rious enemies practi- 
cally all have been brought hen* by man 
from foreign countries Wh\ are these 
introduced ins(*cts so injurious h(*re 
although they Aven* not particularly in- 
jurious in tlieir native* home*s.^ l^ecause 
birds ke*pt the*m in c]ie*e‘k there* ^ Xe.)t at 
all, but because* tlH*y A\e*re* ke*j)t in check 
b\ otlier inseu'ts that A\e*re not bremght 
to this country Avith them The out- 
standing feature* e>f mode*rn ex»onomic 
entome)logy is the dise*eAAU*ry that emr 
greuite*st j)re>te*ctie)n against inse*cts Avhich 
are eithe*r ]mte*ntially or actively injuri- 
ous is the* host eif othe*r insects which are 
the speM'ial e*ne*mi(^s ed’ those that A^e* 
rigid Iv fe*ar. 

Ifow, then, stanels the* case* of Inse‘cts 
vs The Fe*ople? Semie insects are, from 
the view |>oint eif the people, undoubt- 
e»dly guilty of gre*at. damage. It is right 
that we sheiuld do everything in emr 
poweu* to control these guilty kinds. 
But it is Tied right that Ave should eoii- 
elemu all kin els because of a fewv. 
Furtherirmro, it Avould clearly be Avise 
for us to learn more about our insect 
friemds and to cultiA^ate their friendsliip 
more carefully. 



THE BEGINNING OF A SNOWFLAKE 

By Dr. JOHN MEAD ADAMS 

DKPARTMENT OP PHYSICS, UNIVERSITY OP CALIFORNIA AT LOS ANOELES 


The lacy beauty of natural snowflakes, 
seen either jn tlie originals or in the 
well-known pilot ographie eolleetions of 
Bentley’ and others, has allracted the at- 
tention and held th(» interest of almost 
every one. The endless variety of detail, 
subordinated in most cases to the re- 
quirement of sixfold symmetry about an 
axis, stimulates the imagination and af- 
fords a satisfying I'xample of diversity 
in unity. To the seiinitifie impiirer, how- 
ever, these pretty variants ot a eommon 
pattern present some prosaic questions. 
What are tin* physical conditions which 
govern the making of these designs ‘I 
Temperatnn', humidity, eh'ctric field, 
and the tim(*-rates of variation of these 
quantities, \NouId seem to exhaust the 
list of relevant eircumstances, as far as 
conjecture can penetrate. Can the role 
of each of these be ascertained ? May we 
Jiope eventually to be able to read, in a 
natural snowflake, the sequence of the 
atmospheric conditions through which it 
has passed, and so obtain access to a 
great mass of meteorological information 
not otherwise available? Might it be- 
come possible finally to influence the pre- 
cipitation of snow on a given area? 
Such questions as these were the will-o^- 
the-Avisp luring one experimenter into a 
field quite untilled before, though it had 
been open to cultivation ever since the 
invention of the microscope. 

The precipitation of moisture, either 
rain or snow, from the atmosphere is be- 
lieved to depend on the expansion and 
consequent cooling of a body of moist 
air, subject to the condition that no heat 
shall reach it from the outside during the 
process. This condition is always satis- 
fied in the movements of large masses 

1 Naf. (reog. Mag., 43, p. 103, 1923, and else- 
where. 


of air. The artificial production of rain 
by this method in the laboratory is a sim- 
ple experiment — one which has been 
turned to notable account by C. T. R. 
Wilson* It is almost equally simple to 
make a laboratory snowstorm by the 
same method, but the product is so short- 
lived that all attempts to preserve it for 
study have been unsuccessful. In both 
cases there is a great tendency of the 
pr(»cipitated cloud to reevaporate at the 
end of the expansion The refinements 
introducted by Wilson reduced this ten- 
dency, in the rain-cloud, to relative un- 
importance. In the snow-cloud, howeviT, 
reevaporation remains dominant in spite 
of all efforts to minimize it, chiefly be- 
cause of the sinalhT density of vapor 
involved and the greater difference of 
tin* temperature between the expanded 
air and the chamber walls, which of 
course do not follow the rapid cooling of 
the contained air. Tins method of 
cnuiting snowflakes in the laboratory 
was abandoned reluctantly and only 
after an exhaustive course of experimen- 
tation extending over eight years. 

The problem was solved^ by using a 
process which probably occurs more 
rarely in nature, but which is better 
adapted to laboratory conditions than 
the one discarded. It consists simply in 
mixing two streams of air, one of them 
dry and cooled well below the freezing 
temperature, the other moist and 
warmer. When these two streams are 
mingled in the correct proportion, a 
supersaturated atmosphere results in 
which precipitation occurs spontane- 
ously, and since the heat liberated is not 
sufficient to raise the final temperature 
of the mixture to the melting point, the 

2 Boy. Soc. Phil. Trans. A, 189, p. 265, 1897. 

8 Adams, Phys. Bev,, 35, p 113, 1930. 
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cloud consists of particles of i(*o formed 
directly from the vapor. To preserve 
these particles for study at leisure it is 
necessary only to bring tliem at once into 
an observation chamber which has been 
precooled to the temperature at uliich 
they were formed. In the comparatively 
stagnant air of tliis chamber they settle 
to its floor, alighting there on a glass 
plate ruled with lines 0.004 inch apart. 
Directly under this plate, and focused on 
its upper surface, is a microscope-objec- 
tive, cooled with the cliainber and pro- 
t(»cted by imsulating windows from the 
warmth outside. The chamber is liglitcd 
from the top, and a magnified image of 
the ice particles, with the rulings, js 
formed by the objective and is brouglit 
out through the windows, to be vh'vvcd 
ill an eye-piece or photographed directly 
on a film. 

The earliest indication that the ic(‘- 
particles have been formed is observed 
before they reach the plate in a reddish 
opalescence of the space above it. To 
jiroduce this effect the purticl(‘S must be 
of the order of 0 ()(K}04 inch in dimen- 
sions, and they arc probably not many- 
fold larger when they arrive at the plate, 
since at that time the objective used 
inch) nweals their presence but nothing 
trustwortliy as to their shape. Fortu- 
nately these particles have, in common 
with rain-drops, the property of growing 
at the expense of their neighbors, and it 
is only a matter of a few seconds until 
some of them have attained dimen.sions 
of the order of 0.0004 inch, and begin to 
show unmistakably characteristic shapi's. 
From this point, the growth can be 
carried forward at wdll by regulating tlie 
supply of vapor, until tlie particles touch 
one another. Pigs, la and Id record sev- 
eral stages in the growth of a collection 
of particles. A study of such a *series as 
this shows, first, that during growth 
through these stages there is no tendency 
whatever to develop the complications of 
natural snowflakes. Each particle re- 


tains its original shape while growing, 
and every stage is an enlarged replica of 
the preceding ones. This fa(*t argues 
strongly for the monocrystal line charac- 
ter of the particles - each one builds up 
according to a single crystalline plan 
Avhich it liad from the beginning. A sec- 
ond conclusion which is readily drawn 
from these photographs relates to the 
simple shape which appears throughout 
the group, either clearly as in Figs. 2 or 
with accidental modifications as in Fig.s. 
3. It is plain that the typical form of 
these elementary snowflakes is that of a 
short right hexagonal prism, the height 
nearly equal to the diameter of the base. 
The most frequent recognizable tendency 
to depart from this form is toward the 
form of Fig. 4, and this is accounted for, 
as will he explained b(‘low, by the twin- 
ning of two simjile crystals on the basal 
plane Indeed, such exampl(*s as those 
of Pig 5 leave little room for doubt as 
to the occurrence of twiiuiiiig. Tlie re- 
entrant angle in the crystal at the upper 
right and the line of demarcation in the 
lower one are strong evidence for this 
view. Obs(*rvations on natural snow- 
flakes have disclosed indications of the 
same proet'ss. 

Twinning of this sort, in which the 
components are in contact on a plane 
perpendicular to the singular axis of 
the crystal, is especially common with 
substances in which the singular axis is 
polar, that is, in which the two ends of 
tin* prism are pliysieally distinguishable 
from each oth(»r. In many chemicals and 
minerals, one end of the prism is found 
to he more ready to disintegrate than the 
other, and with them this is the prefernsl 
twinning plane. Experiment shows^ tliat 
the ice crystal has the same sort of polar- 
ity that these substances have: one end 
of the prism displays a well-marked 
tendency to develop a pit centrally along 
the singular axis under conditions which 
are favorable to evaporation, while the 
other end remains flat. Pigs. 6 record 

4 Adams, Roy. Soe. Proc. A, 128, p. 588, 1930. 
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Figs, la, Id. Four stages in the growth or a collection of artificial snowflakes. The 
RULINGS ARE 0.004 INC’H APART. FlOS. 2a, 2h, ThE SIMPLEST POSSIBLE SNOWFLAKE: A RIGHT 
HEXAGONAL PRISM OF MONOCRYSTALLINE ICK, MEASURING ABOUT 0.001 INCH IN EACH DIMENSION. 

Figs. 3a, 36. Some accidental modifications of the right hexagonal prisms, magnified 
ABOUT 250 times. Figs. 4, 5. Indications that twinning play.s an important part in the 
GROWTH OF SNOWFLAKES. MAGNIFICATION FROM 150 TO 250 DIAMETERS. FiGS. 6a, 66, 6f. EVI- 
DENCE THAT THE ELEMENTARY ICE CRYSTAL 18 POLAR. A HEXAGONAL PRISM HAS BEEN GROWN IN 
SUCH A WAY AS TO DISCLOSE A DIFFERENCE BETWEEN ITS TWO BASES. MAGNIFICATION 250 
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tho appearance of aneh a pit during: the 
development of a singrle crystal, and Figr. 
7 gives the end view of a similar pit. A 
crystal twinned in the manner mentioned 
above retains the polar property of its 
components and can be made to develo}) 
at the twinning plane a cavity (Figs. 8) 
which subsequent cooling will obliterate 
In addition to this type, the photograjdis 
show many instances of twinning on th<» 
other, more stable, basal plane, as re- 
v(‘aled by the appearance of two pits, 
one at each end of the twinned crystal 
(Fig. D). An extreme case of this sort 
is shown in Fig. 10. This physical dis- 
symmetry of ice and of the other sub- 
stances already referred to raise an in- 
teresting qn<*stion as to the nature of 
thermal conduction in tluun- a question 
Mhich for the pnvsent must remain un- 
answered. 

Much light may be expected to be 
thr()\Mi on the behavior of these elemen- 
tary snowflakes Avhen th(» arrangiunent 
of tlie atoms in the ice crystal has been 
fully A\orked out. As to the relative 
location of the oxygen atoms, the facts 
are already established. Sir AVm. 
Bragg'* proposed a structure for the 
oxygen lattice based on certain general 
considerations, and his conclusions have 
b(‘en brilliantly verified by i^arnes,® who 
used the x-ray method of structural 
analysis. Tt is not often that a crystal 
lattice (except the simjile cubics) can 
be de.scribed clearly in words, without 
the aid of a model, but the oxygen lattice 
in ice admits of a simple description. 

^ H’oncerning the Nature of Things,*^ p. 
174, 1925. 

oRoy. Soc. Proe. A, 125, p. 670, 1929. 


We think of a pavcmient of regular 
hexagonal tiles, and at each vertex of the 
hexagons we imagine an oxygen atom. 
Then we go over the pavement, lifting 
every alternate atom slightly above the 
general h*vel, thus forming what Bragg 
calls a “puckered layer” of atoms. A 
second puckered layer, like the flr.st, is 
])n‘pared and is plac(‘d above the first, 
with the low atoms of the second layiT 
dircH'tly above the high atoms of the first 
layer, and vwe versa The structure is 
continu(‘d by adding mon* })uckered lay- 
ers in the same manner. The separation 
of the layers, in comparison with the 
length of an edge of one of the original 
hexagons, is adjustable to agree with the 
axial ratio of the crystal as determined 
ciystallographically or by the x-ray 
analysis. It will be seen that the struc- 
ture* so describ(»d has its singular axis 
vertical and makes no provision for any 
distinction between the two ends of this 
axis Since the experimental evidence 
of the single crystals of ice requires this 
distinction, we must conclude that the 
hydrogen atoms are introduced into this 
oxygen lattice in some vertically unsym- 
metrical manner, in order to give the 
structure as a whole the necessary polar- 
ity. The exact disposition of the hydro- 
gen is at present an open question, and 
in all probability will have to be settled 
by indirect methods, since it app(*ars 
that in ice the hydrogen atom has given 
up its single electron to the oxygen and 
therefore has lost what little chance it 
had of being located by the x-ray an- 
alysis. 

The study of the early forms of snow-- 
flakes has brought support to the theories 


DIAMETERS. FlO. 7. An END VIEW OT A riT SIMILAR TO THE ONE SHOWN SIDEWISE IN FlO. 6. 

Fios. 8fl, 8&, 8r. When twinning has occttrred on the base which is subject to pitting, 
THE PACT IS REVEALED BY A CAVITY. MAGNIPIUATION 250 DIAMETERS. FlOS. 9, 10. TUE CON- 
VERSE OK Fig. 86. A crystal twinned on the stable basal plane tends to disintegrate by 
pitting at both ends. Fig. 11. Showing several instances or the beginning of T-shaped 
forms. Magnification 55 diameters. Fig. 12. The T-siiaped crystals seem to develop 
FROM TW-INS LIKE THOSE OF FiG. 8. FiGS. 13, 14. T-SHAPED CRYSTALS VIEWED SIDEWISE 

AND ENDWISE. 
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which the meteorologists^ have advanced 
to explain the optical atmospheric phe- 
nomena seen in high latitudes, known as 
halos, sun-dogs, and the like. One of the 
commonest of these is the halo of 22®, 
which may be seen surrounding the sun 
or moon when the sky is slightly overcast 
by a snow-cloud. The elfect has been 
attributed to the presence of 60° prisms 
of ice, of such a size as to be floating 
downward imperceptibly and of such a 
shape as to admit of a completely ran- 
dom orientation of the faces forming 
the refracting angle. The minimum 
deviation of light refracted by such a 
prism of ice is 22“, and it is in this direc- 
tion that the refracted light is most in- 
tense. Evidently the crystals of Figs. 
2 and meet the requirements, since the 
proportions of these crystals are such as 
to permit them to fall equally readily in 
any position, and since light entering 
oin‘ of the six lateral faces, passing 
within the crystal parallel to the next 
face, and emerging on the third face, 
would be in effect passing through a 60® 
prism at minimum deviation. The same 
type of crystal is competent to account 
for the halo of 46®, which requires a 
refracting angle of 00°, the light enter- 
ing on a basal ])lano and emerging on one 
of the lateral faces, or v^ce versa. The 
sun-dogs or mock suns of 22° are pale 
discs of light which are sometimes seen 
on either side of the sun and level with 
it. The accepted explanation is similar 
to that for the corresponding halo, ex- 
cept that all the 60° prisms must be fall- 
ing with their refracting edges vertical 
To account for this uniform orientation, 
it was assumed that the crystals w'ere 
T-shaped, since it was known that the 
addition of a tabular cap to a prism 
would tend to make it fall vertically 

7 lIumphreyM, Physics of the Air,'' Pt. Ill, 
Chnp. IV, 1920. 


through the air, and since occasional 
natural snowflakes of a T-shape or an 
H-shape had been observed. This hy- 
pothesis is now amply supported by 
Fig. 11, in which the tendency of many 
of the crystals to develop a cap on one 
end of the prism is clear. Fig. 12 
shows this tendency associated with the 
evidence for twinning already men- 
tioned. Finally, in Fig. 13, we have a 
well-developed T-form, and in Fig. 14 
at the center an endwise view of the sann* 
phenomenon. It may be safely con- 
cluded that in a twinned crystal one of 
the components tends to develop in 
breadth faster than the other, though 
for what reason we do not yet know. In 
this connection it would be interesting 
to observe whether the sun-dogs make 
their appearance, as a rule, subs(*quently 
to the halo. Altogether it appears that 
the commonest atmo.spheric phenomena 
attributed to snowflakes require for their 
explanation pn^cisely thos(* forms of 
crystals which occur most commonly in 
the laboratory snow-cloud. 

The experiments here recounted tra(*e 
the growth of .snowflakes from 0.0002 
inch to 0.002 inch diameter. They show 
that at that stage of d(‘velopment the 
typical snowflake is a short right hex- 
agonal column, about as broad as it is 
high, consisting .sometimes of a .single 
cry.stal but more often of two singlt* 
cry.stals united by twdnning on the basal 
plane. A well marked tendency of these 
twdnned crystals to develop into a tabu- 
lar form is disclosed. It has been proved 
that the two ba.sal planes of the ice crys- 
tal are phy.sically distinguishable, and 
therefore that the twin crystals are of 
tw^o types. 8o much seems well estab- 
lished. The questions proposed at the 
beginning of this article remain for 
further study. 



THE PROGRESS OF SCIENCE 

THE RESEARCH AWARD FOR THE LIVER TREATMENT OF ANEMIA 


In recognition of their discovery of 
a therapeutic agent for the treatment 
of pernicious anemia, Dr. George 11. 
Whipple and Dr. George U Minot have 
been jointly awarded one of the largest 
prizes in America for scientific aceom- 
j)lishment. 

Dr. Whipple, who discovered the prin- 
ciple of the eiir(‘, and Dr. Minot, who per- 
fected it and afiphed it to human Ixnngs, 
each received $5,000 and a gold medal 
in commemoration of their work. The 
presentation was made by Dr. Robert 
A. Millikan, chairman of th(‘ executive 
council of the Galifornia Institute of 
Technology, at a gatliering of scientific 
men and leaders in industry at the Tni- 
versity (Mub in New York Gity. 

The prize was established early last 
year by Thv Popular Month!}/ 

to increase the interc'st of the Aimu’ican 
people in the eompK'sts of the labora- 
tory and the ^^orkshop which benefit the 
whole community, and to focus atten- 
tion upon the many scientific men and 
Avomen who work to bett(‘r man’s con- 
trol over his physical surroundings 

Dr Whipple and Dr. Minot discov- 
ered the fact that a diet of liver ^^dl 
greatly relieve a sufferer of iiernicious 
anemia. The two men, working indc»- 
pendently of each otlier, found tliat the 
organs of certain animals and birds, 
such as the liver, kidney and heart, but 
especially the liver, contain a substance 
which stimulates the formation of re<l 
corpuscl(»s and iiuTeases them in the cir- 
culating blood. 

Anemia is caused by a diminution of 
red corpuscles and of hemoglobin, which 
is the coloring matter that m;ikes them 
red. There are two forms of this dis- 
ease, primary and secondary anemia. 


Secondary anemia accompanies some 
other disease, such as cancer and tuber- 
culosis. Primary anemia is pernicious 
anemia. It is in itself a major disease 
and its essential cause is not known. 
Defore Dr. Whipple and Dr. Minot 
made their discovery, a case of p(»rni- 
cious anemia w’as likely to result in the 
death of the patient. 

Dr. Whipple’s part in the discovery 
was the result of laboratory experi- 
ments. Dogs were used in the investi- 
gation, because these animals have tlu* 
same blood picture as man. He bh*d the 
dogs gradually until the red blood cells 
were about one third the normal count, 
thus inducing severe anemia. He then 
began to (‘xperiment with various diets. 
A large number of foodstutfs were 
li‘sted over a number of yc^ars, and it 
was found that liver was the most ac- 
tive factor in ri'storing red bhaid c(dls. 
Dr Whipple, however, did not afiply 
his discovery to human beings, nor did 
he appreciate the fact that the liver 
treatment would provi* elTectivt* in {ler- 
nicious or primary anemia His dogs 
had secondary anemia. Primary anemia 
can not be induct'd by any known lab- 
oratory method. 

It was Dr. Minot who perfected the 
tn'atinent for human patitmts and who 
.successfully applied it to cases of iierni- 
erms anemia Ilis investigations showed 
that pernicious anemia resulted from a 
dt'ficiency in the function of the bone 
marrow^ which forms the red blood 
corpuscles, and Ihat liver was a mar- 
row builder. In 1922 he bt*gan to t'X- 
periment wdtli various diets and four 
years later he w^as able to announce 
that forty-five sufferers from pernicious 
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'rili: PRKSF^XTATTOX OF TIIF A\V\1?1) 

»Y ])K RoHfKT A. MILMKAN TO FrOFKSSOK (JFOROE II. WlIirPLK ANh l*KOKKSSOR OlOKCiK M. 

Minot for their disionery and devki.opment of the i.im’r tri* a'i \ih nt for anemia 


HiiciHHi hnd m‘()V(‘nMl as a rosult of tho 
Inor diot. Sinoo tlieii, Dr. Miiiot and 
Ins associates have succeeded in .sepa- 
rating an (‘flVctive extract of liver that 
nia\ be taken in powdered form Dr. 
AVhipph* and his assi.stants have done 
the saiiK* thinji:, so far as tlie clu^mical 
(‘xtract that cures secondary anemia is 
(MHMMU’iied. Thus, it lias been pos.sibl(» 
to concentrate and purify (‘xtracts that 
r(*pr(*sent only three per cent, of the 
entire liver w<'i<i:ht and yet contain 
eighty per cent, of the potency of the 
liver. This so-called liver fraction lias 
been in successful use in many hospitals 
for more than a year. 

For a number of years Dr. Whip])le 


has been professor of pathology and 
dean of tin* School of Medicine and 
Dentistry at the rniversity of Roches- 
ter Formerly he ^^as director of the 
Iloopm* Foundation and [irofessor of 
r(‘search medicine at the ITiiversity of 
(California. Dr Minot is professor of 
clinical medicine at Harvard Medical 
School and chief of the medical labora- 
tories of the IIuntin<?ton Memorial Hos- 
pital. The recipients of the prize were 
chosen by a committee of over twenty 
distinfi:uished men of scienci*, under the 
}i:eneral chairmanship of Professor Col- 
lins P. lUiss, associate dean of New York 
rniversity and director of The Popular 
Science Institute. 
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THE OERSTED CONSIDERED AS A NEW INTERNATIONAL MAGNETIC 

UNIT 


There ar<* eight electrical units, wliose 
names by international agreement are 
used all over the world in electrical sci- 
ence and industry. Two or three of 
these are in sucli common use tliat tlieir 
names are familiar to a large section of 
tJie g(‘iH*ral jinblic The two most g<‘n- 
erally known are, perhaps, tin* wait and 
the volt The wait, which is tin* unit 
of power, or rate of doing work of any 
kind (mechanical, thermal, (*leetrieal, 
chemical, etc ) is named after James 
Watt, the Scottish scientist, inventor 
and engineei* James Watt r(*volution- 
i/('d tin* design and construction of tin* 
steam engiin*, and in order to measun* 
the poAver of his engiin‘s, In* determined 
the average w’orking rate of c(*rtain 
brewery horses engaged in pum|)ing 
water steadily from a known depth. 
To a certain rate of lifting weight so de- 
riv(*d, he gave tin* name power It 

probably nev(»r occurr(*d to him that his 


owui name w^ould be subsequently ap- 
plied to an international unit of power 

In a similar manner, the volt, w'hich is 
the unit of electric tension or electro- 
motive force, is named after the Italian 
physicist Alessandro Volta, the discov- 
erer anti first inventor of the voltaic 
cell. 

The complete series of international 
(*l(‘ctrjcal units, as adopted up to date, 
is given in the accompanying table. 
Xnmbers 9 and 10 in the table are mag- 
netic units adopted at the International 
Electrical (k)ngress of Pans in 1900. 
As is indicated in column III, there was 
a certain ambiguity about the nature of 
the gauss at the time of its adopti<m 
The })roposers of tin* gauss inti'iided it 
to he tin* unit of magm'tic flux d(*nsity 7^ : 
but, by a misunderstanding, it a jipea red 
to havt* l)e(*n ado))t(‘d as the unit of mag- 
netizing force* 7/ There* was subse- 
epie*ntly a consiei(*rable amount e)f e*on- 
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fusion in technical lit(*raturc, some 
\M*it(‘i*s tisin^ the j^auss for the unit of 
n, others for the unit of li, and still 
olJn*rs for both. The niatt(*r was further 
conij)licate(l by the fact that the quan- 
tity 11 has been used in two different 
sense's; namely, (1) the inajjfiietizin" 
force* due to the excitinjj: current-turns 
linke'el with a maf>:ne*tic circuit, and (2) 
the* inte*nsity of the* maj^netie fie*lel prei- 
eluce*d by the e'xcitin^ curre»nt when the 
inajrimtic circuit is a vacuum or contains 
ne) majrne'tic material. iJiire'rt'iice's eif 
enunieui and eif usajife* be*carne so numer- 
ous anel \Mde-spread that the matter 
^^as referre*d tei the meetinjr of the Fn- 
1e*rnational Electrotechnical ('eiinrnission 
(1 E. (\) in Scandinavia last sunnne*r 
(June July, HUO) At that me?etinji 
tlie* 1. E (' decided tliat, for e*l(*ct!*o- 
te*cli ideal purposes, mafruetizinj^ feirce* // 
shoulel be iv^^arele'el as e.ssentially diffeu*- 
e*nt frenn fie'ld intensity /L nr flux deni- 
sity H, To the ]atte*r the* unit name of 
(jauss should be re*strieted; while the 
name* oersted Avas adopte'd for the unit 
of ina»»uetizin^ feirce Jl, by way of elis- 
ti net ion. 

Flans Christian Oersted (in Latin, 
Johan ids Christianus (irste'd A\aa, in- 
1820, professor eif physics in the TTniver- 
sity e)f (\)penhap:en, Denmark Tri the 
s[)rinj^ of that ye*ar, he made laboratory 
e'xperimcnts in .search of some conne'c- 
tion between majxne^tism and eleM*tricity 
I’p te) that date, lhe>.se two sciences were 
regarded as uncemnected and indepen- 
de*nt The scieuice of electricity was 
w(*ll recoprnized, and also the science of 
majrnetisni — esvsentially pertaininp: to 
permanent maf?nets; but there was no 
such science as elect roma"netism. He 
discovered that when a wire, carrying a 
steady electric current, Avas broujyht 
into the neiprhborhood of a horizontally 


suspended ma^iu'tic needle, such as the 
needle of a mariner’s cornpa.ss, the 
needle AA’as defh*cted from its normal 
north-south position, and remained so 
deflect (*< I as lonj^ as the current floAved 
ill tin* Avire, or as lon^ as the active Avire 
lemained in tin* ru'edle’s vicinit\ This 
remarkabJe ex})(*riment, rei)(*at(’d in a 
nunibi*r of diff(*r(*nt ways, AAas described 
by Oersli'd in a circular let1(*r, printed 
in Ijatin, at that tinii* an international 
lan^uajre in considerable A^ij^ue, and ad- 
dressed to a number of univ(*rsit ies and 
l(*arin*<l societi(*s throughout tin* Avorld. 
b(‘ariny: the date of July 21, 1820 

E\n*r sinci* 1820, (*Iectricity and ma*^- 
nelism havi* been r(*<jrardt*d as indis- 
solubly (‘onnected The union led 
shortly afterAvards, throuj*:h the Avork 
of oth(*r sci(*ntists, to further discovern*s 
in (‘h*ctroma*»:in*tism A\hich liavi* pi*o- 
foundlA an*(*c1(*d tin* crniduct of civilized 
life 

Tin* ai*(*omj)anyin*> illustration is from 
a photograph of a statin* of Oersteil, 
AA'hicli has b(*(‘n (*r(*cted to tin* nn'inory 
of this distinguished Danish discov(*rer 
in a jiark at (N)p(‘nha^<*n, known as I In* 
Oer.sted Park It r(*pres(‘nts the dis- 
coA'crer slandin*r beside a ped(*stal bear- 
in*; a fri'ely supported rnafjfiietic needle 
Avhich he is slioAAiii" to be (l(*flect(*d by 
the infhn*nce of a current-carryiii" loop 
of AAire leatlin*; to a A’oltaic battery at 
his feet The front inscri]>tion r(*ads 
“Hans Christian Oersti'd” and the in- 
.scription at the back, as translated from 
the Danish, r(*ads “Porn 14th August, 
1777, Di(*d nth March, 187)1.“ On the 
occasion of its visit to Copenhapren, June 
27, injO, the visitin*; T. K. (k officers 
and dele<?ates formally placed a suit- 
ably inscribed coniniemoration wreath in 
front of this statue. 

Akthtr E. Kennelly 
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THE LAST HEATH HEN 


On Martha’s Vineyard Island off the 
southeastern coast of Massachusetts is 
the home of the lone survivor of the 
heath hen. The death of this individual 
will also mean the death of its race, and 
then another bird will have taken its 
place among the endless array of extinct 
forms. The numbers of heath hen have 
been closely followed by ornithologists 
and since 1908 a detailed census has 
been taken of the birds each year. For 
the first time in the history of ornithol- 
ogy a speci(vs has been studied and pho- 
tographed in its normal environment 
dowm to the very last individual. 

In early colonial times the heath hvn 
was very abundant in favorable places 
from Maine to the Carolinas. The bird’s 
habit of congregating in open fields and 
the ease with which it was tricked and 
killed by the market gunners were con- 
tributing factors to its rapid decline soon 
after the white man and his firearms 
came to America. By 1870 the heath 
lien was exterminated from the main- 
land and from that time on has been 
restricted to its last stronghold on Mar- 
tha’s Vineyard. It is remarkable that 
a bird subjected to all the vicissitudes of 
disease and enemies has survived in that 
limited area for over a half century. 
The prolongation of the life of the bird 
on that island has been due to the inter- 
est taken in it by the State of Massachu- 
setts, conservation organizations, bird 
clubs and individuals who have done all 
in their power to save the bird. The 
State Department of Conservation has 
expended $70,000 and thousands more 
have been contributed by individuals in 
the unprecedented efforts to prevent the 
bird from being exterminated. 

Many attempts were made in the past 
when the birds were abundant to trans- 
plant them to other favorable places on 
the mainland and to other islands such 
as Long Island, New York, one of their 
former strongholds. Furthermore the 


most experienced sportsmen and game 
breeders were unable to breed the birds 
in captivity, indicating that the heath 
hen was very sensitive to any radical 
change in its environment and that it 
would not yield to such methods of con- 
servation. All the many experiments 
of introducing the Western Prairie 
Chicken, its nearest relative, to the East 
have likewise proved unsuccessful. 
Efforts to increase the numbers of the 
heath hen on Martha’s Vineyard by the 
establishment of a reservation in 1908 
met with temporary success. The birds 
increased from less than 100 to an (»sti- 
mated number of 2,000 in 1910. Unfor- 
tunately a destructive fire swept over 
the entire br(*(»ding area on May 12, 
1916, which in the course of a few hours 
undid the work of many years The 
following year there wwe less than ir)0 
birds remaining, and the majority of 
the.se w^ere males. There w^as a slight 
rally in numbers during the following 
few years, but the birds w’ere too far 
gone to overcome the surmounting un- 
controllable conditions of extensive in- 
terbreeding, declining sexual vigor, the 
condition of excess males and, worst of 
all, disease. In 1920 many birds were 
found dead, or in a weak and helpless 
condition, indicating that disease was 
exacting its toll. The heath hen is very 
susceptible to poultry diseases and when 
domestic turkeys w^ore introduced to the 
island in large numbers the dreaded 
disease “Blackhead” came with them. 
The turkeys and heath hen fed on the 
same fields and thus the disease was 
readily transmitted to the native birds. 
The heath hen continued to decrease in 
numbers, and by 1925 it was apparent 
that they had reached their lowest ebb 
in history. The Federation of the Bird 
Clubs of New England, Inc., then came 
to the front and offered to raise $2,000 
annually to support additional warden 
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TIIK LAST HEATH HEN 


N<TVi<*(» ill spite of this splendid eo- 
operatioii, tlie number of birds, after two 
years of effort on llu' part of all con- 
cerned, continued to decrease. 

The 1027 spring; census showed thir- 
teen birds, only two of which were 
females. In the autumn seven birds 
were s(‘en and by Ajiril, 1928, the flock 
dwindled to three males. During the 
fall of 1928 only two birds were seen 
and after Decembm* 8 but one was re- 
jiorted This bird was photographed 
from a blind, on April 2, 1929, at the 
farm of James Green, located on the 
state liigbway between Edgartown and 
V7 est Tisbury. At that time it was the 
common expectation that the bird would 
step out of existence before the end of 
another year. It was seen regularly 
until May 11, 1929, but after that date 
it disappeared among the scrub oaks to 
live in seclusion, as was customary for 


the heatli hen to do in the past, during 
the summer months. After the moult- 
ing season it again appeared at the 
Green farm in October to announce to 
the world that it was still alive. It wan 
seen at irregular intervals during the 
winter, and after the first warm days of 
March it appeared daily at the tradi- 
tional “booming field” at the Green 
farm. The State Department again 
plm*ed an observation blind in the field 
and baited the bird for over a month in 
order to make it possible to study and 
to photograph it at close range during 
the period of the census. 

During the springtime of former 
years the heath hen appeared in the 
open fields in the early morning hours 
following dawm and again in the late 
afternoon preceding sunset, to go 
through their weird and extraordinary 
courtship performances. This year the 
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lone bird generally flew out of the scrub 
oaks and sailed gracefully to a point 
near the center of the meadow. After 
alighting it erected its head and care- 
fully scrutinized its surroundings, seem- 
ing to make sure that all was safe before 
continuing to search for food. The bird 
presented a pathetic figure as it stood 
out there all alone without any com- 
panions save the crows that had come to 
share the food intended for the heath 
hen. Though it soon started feeding it 
was ever on the alert for possible dan- 
ger. Its eyes were much keener than 
those of the observer inside the blind. 
On several occasions the bird crouched 
in the grass, his colors blending so per- 
fectly with the surroundings that he 
di8api)eared from view. A minute or 
two later a hawk would swoop over the 
field, explaining the reason for this be- 
havior. No doubt the alertness of this 
individual has been an important factor 
in its preservation. The feeding in the 
open was a businesslike performance 
and during the time of the census was 
not interrupted by the booming and 
cackling characteristic of the courtship 
performance, which in former years 
occupied the greater part of the time of 
the males during the visits to the open 
fields. Not once did the male inflate his 


curious orange sacs and boom, for there 
was no female to admire him and no 
male to challenge him to such an exer- 
tion. Its spirit must be broken, but 
neverthel(»ss it seems to enjoy its life 
and its freedom. It is in excellent 
health, fat and plump and in p(‘rfect 
plumage. 

The State Department has been asked 
to collect and preserve this last bird for 
science, but from a sentimental point of 
view how much better it is to let this 
individual live in its natural environ- 
ment among the scrub oaks on tin* sandy 
plains of Martha’s Vineyard than it 
would be to put it in a cage or to mount 
it and have it collect dust on some 
museum shelf. 

How long the bird will live no one can 
safely predict; its going is inevitable, 
but ornithologists, bird lovers and 
sportsmen the world ov<*r will have the 
satisfaction of knowing that all that 
could be done by the state, bird clubs 
and individuals has been done to save it 
from extinction. The State Department 
has assur(*d us that the bird will be 
allowed to live, and when death comes, 
whether it is due to old age. disease or 
violence, we shall at least know that the 
life of the last heath hen was not wil- 
fully snuffed out by man. — A. O. (1. 
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THE ROMANCE OF DISTANCE 

By Dr. OLIVER JUSTIN LEE 

KOBTBWlSnBN XmiVIBSITr 


Distanoe, in ages past so bafOing to 
loTora and explorers that the Magic 
Carpet was invented long before the air< 
plane, has become, in modern times, for 
the long arms of the astronomer merely 
the side of a simple triangle. Even to 
him, astronomical distances become 
merely significant numbers. By no 
known means can he picture them to 
himself. The person who does not have 
specific knowledge of the methods used 
experiences a loss of contact — ^it is 
almost as if the circuit of conscious con- 
fidence had been broken and an arcing 
jump across the break into the dark 
must be made under a high tension on 
credulity. 

Now such a strain is not necessary. 
The fundamental methods of measure- 
ment that every one uses have devel- 
oped naturally into the highest refine- 
ments used by the scientist. Keep 
contact The writer will go so far as to 
say that any one who has mastered the 
equivalent of good high-school courses 
in elementary mathematics and physics 
can follow the reasoning and can actu- 
ally understand the technique employed 
in measuring ai^ distance, large or 
small, provided each step or operation 
in turn is clearly explained. 

Fiiiding the height of a tall object 
without climbing up to measure it or 
determining the di^nce to an object 
which is far away but visible, whether 
accessible or inaecedrible, always implies 


the solving of a triangle in one way or 
another. 

As boys we used to satisfy our curios- 
ity about the height of trees, towers or 
buildings by a simple expedient. Two 
sticks, both as long as the known 
height of one of us, could usually be 
produced. One stick was hdd upright 



BY TBS USB or TWO STtOSS. 

from one end of the other, which was 
laid on the ground, and both were 
moved toward or away from the object 
to be measured until the line AB just 
caught the peak of the object, as for 
example from A'B' to AB.’' Then we 
knew that AC was equal to BC which 
we could easily measure, knowing the 
length of the stick, although we did not 
then recognize our assistant as an 
isosceles right triangle. 

If the reader will hold one finger up 
at arm's Imigth and will look at the w^ 
or other objects in line with it while 


1 The drawing! for the ente in. this paper 
were made by Mils Beatrice Bieke. * 
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blinking alternately with his right and 
his left eye, the finger will seem to jump 
back and forth. We call this jump 
parallax, which means alternation. 
Thousands of times every day the small 
triangle, formed by the distance be- 
tween the centers of the pupils of the 
two eyes as a base line and the lines 
from each eye to an object as the other 
two sides, is interpreted by the brain as 
a distance and enables us to reach for 
objects without fumbling. Experience 
has sharpened this faculty until this 
little triangle, which has a base line of 
less than 3 inches, gives us an enormous 
power of visual orientation. For most 
objects it is reliable enough for ordinary 
purposes up to distances of a few miles. 

Suppose we increase the baseline of 
2f inches to 4,000 miles or 96,000,000 
fold. We can not make the moon 
‘‘jump'’ back and forth with respect to 
the stars by winking now one eye, now 
the other ; but, if we place one observer 
in Washington, D. C., and another in 
Valparaiso, Chile, and ask them to tell 
us when the north or south limbs of the 
moon just miss occulting certain stars, 
we shall find that they are making the 
moon “jump” a degree or more in the 
sky; in other words, nearly two diam- 
eters of the moon. Blink your eyes 
alternately at the corner of a chair or 
another object about 13 feet away from 
your eye^ and it will “jump” as much 
as our moon does to the two observers 
described. 

If we provide them with telescopes 
and micrometers to measure the dis- 
placements, which any one occupying 
both of these positions at one time could 
easily see with the naked eye, it is obvi- 
ous that the triangle, composed of the 
distance through one side of the earth 
from Washington to Valparaiso, Chile, 
and the lines drawn from each to the 
center of the moon, can be solved with 
much accuracy. Pig. 2 shows the 
necessary relations. The angle AOB 



MOON. 

equals the sum of the known latitudes of 
the two observers. Since AO and BO 
are known radii of the earth, we can 
compute the distance AB and the 
angles OAB and OB A. Z and 7 ! are 
the zeniths of the two observers. The 
angles ZAM and Z'BM are obtained 
from observations. If we subtract the 
angles OAB and ZAM from 180®, we 
get the angle BAM, and similarly, the 
angle ABM. This solves the triangle 
AMB; meaning, thereby, that we can 
find the length of the sides AM and BM 
and the angle between them at M. 
ICnowing, now, the sides OA and AM 
and the included angle 0AM, we can 
find the distance OM from the center of 
the earth to the center of the moon, 
which is the fact we want. That mean 
distance is 238,857 miles. 

In actual practice the problem is 
harder than it appears in the above 
description, but the theory as given is 
complete and is very simple. 

This distance to the moon is not in 
error more than one part in ten or 
twenty thousand. It is as accurate as 
distances on the earth's surface are 
known from ordinary surveys. Where 
land is very valuable, as it is in the 
heart of a great city, engineers must 
work to an accuracy of one part in 
twenty to fifty thousand. The high- 
geared United States Coast and Geo- 
detic Survey attains an accuracy of one 
part in 500,000 to 1,000,000 — in the 
words of my colleague. Professor 
Berger, formerly a member of this 
organization, “quite easily.” 

Fundamental measurements of long 
distances on the earth are always car- 
ried out by measuring baselines and 
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angles and by solving all manner of 
triangles. Perhaps the most accurate 
work of this kind ever done was carried 
out under the direction of Colonel 
William Bowie in measuring the dis- 
tance of 22 miles between two points on 
Mount San Antonio and Mount Wilson 
in California as a baseline for Michel- 
son’s determination of the velocity of 
light. The probable error is not greater 
than one part in 6,800,000, or about two 
tenths of an inch in 22 miles. The 
princess who could feel the presence of 
a pea through seven thick feather mat- 
tresses was no more sensitive than the 
engineers who checked and tested every 
tape, every instrument and every opera- 
tion in this notable achievement in 
measurement. 

This distance is known about 700 
times more accurately than we know the 
distance from the center of the earth to 
the center of the sun. In other words, 
the latter distance may be 10,000 miles 
more or less than 92,870,000 miles. 
This is an accuracy of about one in nine 
thousand. 

For more than 1,800 years the dis- 
tance to the sun was held to be 4,800,000 
miles because Ptolemy had said so. 
Then, near the year 1700 A. D., Cassini 
made a determination of this distance 
with the aid of Kepler’s Harmonic Law 
and got 87,000,000 miles. In 1769, 
Delambre obtained 95,000,000 miles and 
the great Encke, in 1835, 95,370,000 
miles. This was replaced about 1860 by 
the new value 91,000,000, which in turn 
gave way, in 1875, to the figure 
93,000,000. 

It is interesting to note the long 
spans of time that separate the earlier 
and the crowding together of the later 
dates. In searching out the size of the 
fundamental quantities in the universe, 
it often takes much longer to get an 
idea of the order of size than it does to 
refine that knowledge to a satisfactory 
accuracy. To suggest a problem from 


another field in which we now find our- 
selves in the first stages of quantitative 
measurement, we may say that it will 
probably take psychologists a much 
longer time to find objective means of 
measuring human personality, even ap- 
proximately, than it will thereafter 
require to develop means of recording 
fine distinctions by such measures. 

In almost all secondary types of 
measurement the reverse is true. For 
example, any one can measure the 
length of a short steel rod and give it 
correctly to the one fiftieth of an inch. 
An accuracy of one one millionth of an 
inch is only attained at the expense of 
much time and money. 

Astronomers of ancient time thought 
that all the stars were located at the 
same distance from the earth and just 
outside of Saturn, which was the outer- 
most planet known to them. They 
could not conceive of space being 
wasted between Saturn and the stars. 
Had they known the distance to Saturn 
and the amount of matter in the solar 
system, which they did not, they would 
have seen that even this relatively com- 
pact little system is mostly waste space. 
If we should weigh all the material in 
the sun and the planets, excluding 
Pluto, the total would be close to 
1.66x10” tons. These bodies move so 
that they may always be found inside of 
a thin circular disk of space 174,000,000 
miles thick and less than 6,000,000,000 
miles across. Suppose we pulverize the 
material and scatter it uniformly inside 
this disk. Every cubic mile of space 
will contain about 675 pounds of dust, 
which would hardly cause a perceptible 
haze. 

Interstellar space is almost incon- 
ceivably vacant. Sir Arthur Stanley 
Eddington estimates that, with all the 
billions of gigantic stars, all the possible 
planets, all the visible and dark nebulae, 
space is so extensive that the average 
density in the universe is lO***. This 
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means that one cubic inch of water or 
its equivalent of any other substance has 
10*» cubic inches, or forty trillion cubic 
miles, to play around in. Waste space 
indeed I 

All such figures involve knowledge of 
the amount of matter in the universe 
and its distribution. Our concern is 
with the distances of stars and other 
celestial objects and again we start with 
the lowly triangle. 

In Pig. 3 the earth is shown in two 
positions in its orbit, about six months 



SPECT TO DISTANT STABS LIKE N. 

apart. A star M is displaced angular 
distances d' and d" in relation to a com- 
parison star N. Half of this angle, 
E'MS, is called the parallax of the star 
M with respect to such stars as N. 
The base line E'S is known to be 
93,000,000 miles, and hence by trig- 
onometry the distance to the star, SM, 
becomes known. The measurement of 
the angle E'ME" is the diflBcult part of 
the problem. For the last three decades 
it has been done almost exclusively by 
photography. The distances of over 

3.000 stars have been determined in this 
fashion and a great many of these paral- 
laxes have been measured at two or more 
observatories. In general the agree- 
ment is as close as can be expected. It 
must be remembered that even for the 
nearest star, Alpha Centauri, the dis- 
placement measured, as in Fig. 3, is just 
equal to the displacement of an object 

4.1 miles away when viewed from the 
two edges of a silver quarter dollar set 
on its edge facing the object. 

The relative parallax of a star M, so 
determined, is always a little too small, 
because the comparison stars them- 


selves, like N, are displaced slightly 
with respect to the background in- 
finitely far away. 

Fig. 4 illustrates this point. Infinity 
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FIO. 4. Absolute paballax or stabs like n. 


is here taken in its mathematical mean- 
ing as a distance greater than any dis- 
tance we may choose. In actual prac- 
tice we use the word with a great 
variety of meanings. The ordinary 
brand of camera carries a scale for 
setting the focus which may have num- 
bers up to fifty or a hundred stenciled 
on it. Beyond 100 feet we say, rather 
loosely to be sure, that the focus is in- 
finite, meaning thereby that the change 
in the focus for greater distances is not 
appreciable. In the case in Fig. 4 in- 
finity may be taken as ten or a hundred 
times farther away than the greatest 
distance we can measure. 

The reader may say, “How can you 
determine the displacement of the star 
N with respect to the background of in- 
finity you have assumed, and if you can 
not, then how can you know what small 
positive correction to apply to the rela- 
tive parallax of M to get its real dis- 
tance?” The answer is, we can not, 
directly. And, for the nearest fifty or 
one hundred stars it does not much mat- 
ter, since the correction, E'NS in Fig. 4, 
or the “reduction to absolute” as it is 
called, is only a small fraction of the 
whole parallax of such near stars. 

When we deal with more distant stars, 
as we are now doing, it becomes of the 
greatest importance. 

If we wish to deal statistically with 
the distribution in space of stars whose 
real parallaxes are of the same order of 
size as the reduction to absolute, we must 
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find some way of determining this quan- 
tity. In other words, what can we do 
when the star under investigation is as 
far away as the comparison start 

Before discussing the methods used to 
find the distances of these faint com- 
parison stars, let us consider briefly the 
progress in determining stellar paral- 
laxes, which has been called the most 
delicate operation in the whole range of 
practical astronomy. Up to about 1600 
A. D. the vaguest ideas were held about 
the distances to the stars. At that time 
Tycho Brahe tried to test the truth of 
the heliocentric theory of the solar sys- 
tem by observing the alternation in 
positions of stars due to the earth’s 
orbital displacement. In spite of the in- 
creased refinement which he developed 
in observational astronomy, he could get 
no displacement of stars and concluded 
that Copernicus was wrong. Attempts 
to measure the parallaxes of stars were 
made time and again but without suc- 
cess until Bessel, in 1838, in Germany, 
measured the parallax of 61 Cygni and 
Henderson, in 1839, in South Africa got 
the distance of Alpha Centauri. 

Up to 1888 the parallaxes of twenty- 
five stars had been measured. In 1901 
there were fifty-eight published values. 
In 1924 Schlesinger discussed the paral- 
laxes of 1,870 stars, many of which had 
been measured by two or more different 
observers. It is safe to say that a thou- 
sand more parallax determinations have 
been made up to the present time. 

During the last 25 years many at- 
tempts have been made to correlate 
stellar parallaxes with other quantities, 
such as brightness or magnitude of the 
stars, or with magnitude and proper 
motion, which is the very minute change 
of a star’s position in the sky, or with 
the magnitude, proper motion and angu- 
lar distance from the plane of the Milky 
Way. The idea is that if we could get 
such a correlation established for 
brighter stars, we might possibly expect 


it to hold for fainter stars and hence we 
could, by an extrapolation, determine the 
^‘reduction to absolute.” 

The apparent brightness of stars alone 
is a poor criterion of distance. We know 
that one star may in extreme cases actu- 
ally be 100,000,000 times brighter than 
another, for we can determine the ab- 
solute magnitude of stars as soon as 
we know their distances. Mathematic- 
ally, “absolute magnitude” is defined 
as the apparent magnitude plus five 
plus five times the logarithm of the 
parallax in fractions of a second of 
arc, that is, 

M = m + 5 + 5 log n. 

In a sense this is an arbitrary definition, 
but no more so than our definition of a 
yard or a meter as the length of certain 
carefully protected metal bars in the 
keeping of the English and French gov- 
ernments. The absolute magnitudes of 
stars are the luminosities which they 
would have if we brought them, one by 
one, to such a fixed distance from us 
that they would all have the same paral- 
lax, 0."1. In other words, we bring the 
stars up to a fence, which is 32.6 light 
years or about nineteen trillion miles 
away, and then compare their real lumi- 
nosities. Until we know its distance, we 
can not tell whether we are looking at a 
faint star which is small and quite near 
to us or one that is very luminous and 
very far away. 

Of the seventeen stars so far known to 
be nearest to us only six are visible to 
the naked eye, and the distances of more 
than one thousand naked-eye stars have 
been measured. 

Proper motion alone is a better cri- 
terion of distance provided, first, that 
we have this quantity for a large number 
of stars; second, that there be available 
measured parallaxes, determined by our 
familiar triangle, for a sufficient num- 
ber of faint stars to establish strong 
correlations between distance and ap- 
parent motion ; third, that we determine 
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these correspondences independently for 
rather small portions of the sky and do 
not try to generalize over the whole 
celestial sphere with one formula. 

Unless such conditions are fulfilled, it 
is necessary to make assumptions about 
the symmetry or other characteristics of 
stellar distribution. The resulting pic> 
ture may be beautiful, mathematically, 
and yet fail to represent nature. It is 
important for an astronomer to be a 
naturalist as well as a mathematician. 

The sun moves, like everything else in 
the universe, so far as we know, and, 
with respect to the brighter stars, its 
motion is toward a point between the 
constellations Lyra and Hercules, at a 
velocity of twelve miles a second. 

Stars observed at right angles to this 
line of motion will seem to move back- 
wards in the sky, systematically — ^nearby 
stars much and distant stars less. Stars 
which are situated near the point toward 
which the sun is moving, the solar apex, 
or at the opposite point, the antapex, 
will not be affected. 

This apparent movement of the stars 
is called parallactic motion and the 
yearly amount of motion of a star, lo- 
cated at right angles to the line of the 
sun’s track, is called its secular paral- 
lax. 

It is true that much valuable informa- 
tion about the relative distances of stars 
has been gotten in the past by consider- 
ing the parallactic motions and the 
brightness of stars and their angular dis- 
tance from the Milky Way. But the 
key to the whole process, if we wish to 
find the real distribution of stars in 
space, is the solution of our triangle. 
Actually the motions that have to be con- 
sidered are very complicated. Suppose 
we enter leisurely into a large moving 
aggregation of people such as a crowd 
at a state fair near the noon hour. In 
general the persons at our sides will seem 
to move backward with respect to us. 


But there are large numbers of people 
moving, streamlike, toward the gate to 
go home. Other large groups are drift- 
ing toward refreshment stands on the 
grounds. Here is a group of adults mov- 
ing athwart our course in orderly pro- 
cession. There is a family group, also 
in general motion toward some point, 
but the individuals are shifting their 
positions in the group, perhaps more or 
less about the father as the center of 
gravity. And all through the large 
crowd, individuals are running at high 
speed in many directions or standing 
still as if to take their bearings or to 
converse. Prom tubular samples of 
space given him by his telescope, let us 
say on a photographic plate, the astrono- 
mer must decipher the component mo- 
tions, distances and speeds of stars 
from a composite flux which is in no wise 
simpler to untangle than the case de- 
scribed above except that he has more 
time in which to do it. 

Within the last fifteen years a most 
interesting method has been developed 
by which the distances of stars may be 
gotten by correlation with the relative 
intensities of lines in their spectra. The 
method was organized by Adams and 
some of bis colleagues at Mount Wilson. 

Very careful study has revealed that 
the ratio of the intensities of selected 
pairs of lines in the spectrum of a giant 
star differs greatly from the ratio for 
the same lines in a dwarf star. Suppose 
we compute the absolute magnitudes of 
all the stars of spectral type K, say like 
Arcturus, for which we have gotten the 
parallax by the rigorous triangle method, 
and measure the ratio of intensities of 
two lines in the spectra of each. We 
can then make a diagram like the one 
below and draw a smooth curve through 
the points. Obviously, we may now ob- 
serve the ratio of these lines in the 
spectrum of a star of unknown distance 
— let us say it is +1.0 — enter the dia- 
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FIG. 6. Rblation between actual luminosi- 
ties or STARS AND THE INTENSITIES OF UNES 
IN THEIR SPECTRA. 

gram at the left and where the horizontal 
line strikes the curve go down to the 
lowest line and read off the absolute 
magnitude, which might be 5.5. By re- 
versing the process for finding the abso- 
lute magnitude when wo know the real 
parallax, we may now find the real 
parallax because we know the absolute 
magnitude. This method of finding dis- 
tances of stars, which is much used at 
present, depends entirely upon the 
method of the triangle. 

Up to a dozen years ago we had only 
the most sketchy notion of the distances 
to such celestial objects as spiral nebulae 
and globular clusters. This situation 
has changed. 

The two Magellanic Clouds, so called 
because they were noticed by the Por- 
tuguese navigator, Magellan, in 1520, 
are great aggregations of stars quite de- 
tached from the Milky Way, Bach con- 
tains large numbers of stars that vary 
in light, and since the variation is such 
as has been observed in the northern star 
delta Cephei, they are called Cepheids. 
In 1908 Miss Henrietta Leavitt, of Har- 
vard, who was studying these variables 
in the Smaller Magellanic Cloud, called 
attention to the fact that the brighter the 
star, the longer it took to complete a 
cycle of variation in light. 

Since all the stars in this isolated 
cloud group must be approximately at 
the same distance from us, their d^er- 
ence in brightness must indicate differ- 


ences in actual luminosity, unconfused 
by the effect of varying distances. Their 
apparent magnitudes are absolute mag- 
nitudes in their own system, and Miss 
Leavitt had discovered, therefore, a 
direct correlation between these absolute 
magnitudes and the periods of variation 
in light, which are easily observed. 

Now Cepheids are a clannish breed of 
stars. They are much alike, wherever 
found. Nearly all border on gianthood. 
The variation in light is rather small but 
very regular. A considerable number 
are known in the Milky Way outside of 
clusters. 

If in some manner we can determine 
the distances of some of these bright, 
nearer Cepheids and therefore, their 
absolute magnitudes as first defined on 
page 389, and if we can assume that all 
Cepheids, whether in our system or in 
distant clusters, are stars in the same 
stage of development, we have a means 
of finding the distances to such stars in 
nebulae and clusters and therefore the 
distances of these objects themselves. 

Remembering that all we could hope 
for at first was to get some idea of the 
order of these distances, this is just what 
Shaplcy did. 

By a study of the parallactic motions 
of eleven bright Cepheids in our own 
Milky Way system' of stars, for six of 
which there also existed direct parallax 
determinations, he was able to assemble 
data which we shall present as a graph. 



FIG. 6. Relation of actual luiunositixs of 

CEPHEID VARIABLES AND THEIR PERIODS OF VARI- 
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The subscripts give the number of stars 
entering into each plotted point. The 
relations indicated in this graph have 
been further confirmed by Shapley in 
later investigations, and the curve given 
above has been smoothed and extended 
greatly. Having determined the period 
of Cepheid variables in the very distant 
spiral nebulae and globular clusters of 
stars, we may use them with the graph 
to get the absolute magnitude and hence, 
by the aid of the formula given above, 
the parallax or distance may be com- 
puted. 

If we remind ourselves that light takes 
500 seconds or 8i minutes to get here 
from the sun ; 5 hours and 33 minutes 
from Pluto; 4.3 years from the nearest 
star ; then we are only slightly prepared 
to learn that the distance to the Smaller 
Magellanic Cloud, which Miss Leavitt 
studied, is 105,000 light years; to the 
naked-eye globular cluster in Hercules, 
33,000 light years; and to the spiral 
nebula. Messier 33, 850,000 light years. 

Should you after reading these figures 
keep them in mind while you get into 
your car and set a clip of 60 miles an 


hour on a wide road with little traffic, 
you would find your car and yourself 
rooted to a point in interstellar space, 
unable even in your whole lifetime to 
move so much as across the width of a 
cosmic punctuation mark, the period. 

While the extreme distances given are 
not arrived at by direct measurement, 
they rest finally upon the solution of the 
triangle we have discussed earlier. So 
great is the satisfaction in having 
evolved a method which promises to yield 
even the order of distances to these ob- 
jects, that we arc not now concerned 
whether the distances found are 50 per 
cent, too small or too great. 

This is certain, the universe was built 
on a large scale. It is no less certain 
that the human mind is capable of find- 
ing out what the physical organization 
of the universe is like. We might sug- 
gest 10* years as a suitable period of 
future time in which to find out where 
the universe began, where it is going, 
and when and how it will get there. 
Complete reports before the end of some 
such period of further study should be 
considered premature. 
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Overweight is a term concerning 
which there need be no quibbling. In 
adults there is a definable relation be- 
tween weight and body height. This 
ratio varies with type. A stout Swede 
differs from a stout Italian; but the 
tourist has no difficulty in recognizing 
fat persons in Sweden and fat persons 
in Italy. The relation of body weight 
to body height is readily expressed in 
an average, with an allowance for indi- 
vidual variations. Enlistment records 
of armies furnish good standards for 
men in the third decade of life. Life 
insurance records furnish good stand- 
ards for men and women after thirty. 
The standards are different for men and 
women. All demographic standards 
must be applied with common sense and 
discrimination, and this holds for over- 
weight and underweight of the human 
body. If a man of a certain height, 
whose weight according to the standard 
tables ought to be 190 pounds, weighs 
200 or 180 pounds, the variation would 
lead to little concern, statistically or 
medically. But if his weight were 220 
or 160 pounds, the figure would indi- 
cate significant overweight or under- 
weight. 

Further, the definition is not merely 
static, it is also dynamic — to use formal 
phrases applied to a commonplace topic. 
Overweight is likely to be attended with 
lowering of facility in body movements, 
a reduction for the individual and for 
the age. The stout man feels himself 
encumbered; he handles himself (at his 
occupation or at a sport) with less than 
accustomed dexterity. The stout woman 
feels herself less disposed to physical 
activity, her household tasks are done 
less dexterously, her dancing falls off. 


Stout persons usually feel, and look, less 
‘^fit.'^ 

When the two criteria are combined, 
overweight means weighing more than 
one should for one^s height and age, 
with the consciousness of encumbrance. 
The sensations support the scales. The 
disability of overweight must be dis- 
tinguished from the disability of ad- 
vancing age ; but this is usually not diffi- 
cult except for individuals who are 
trying to hide their overweight from 
themselves. 

It is commonly believed that over- 
weight, within limits, is an asset in 
childhood and adolescence, the expres- 
sion of high nutrition promoting resis- 
tance to disease. After thirty, however, 
and especially after fifty, overweight is 
unquestionably no asset but a liability. 
A pronounced degree of overweight, 
which is obesity, brings diseases in its 
train, of which diabetes is the striking 
illustration. It is not generally realized 
how large a proportion of those with 
overweight after fifty approach obesity. 
Medical experience and life insurance 
analysis of sickness and death make it 
clear that even moderate overweight 
imposes a burden on the organs of cir- 
culation. Diseases of the circulation 
rcpr(\st;nt the outstanding cause of death 
after forty. Without going into details, 
it is accepted that overweight increases 
the incidence of disease and raises the 
death-rate. 

The expectation of life is increasing, 
but the span of life is not being ex- 
tended. The increasing proportion of 
men and women who pass fifty must 
give more than casual attention to the 
trend of body weight. Bathroom scales 
are at once a guide and an inspiration. 
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It is certain, other things equal, that 
persons without overweight, perhaps 
even those with underweight, pass 
through middle age towards old age 
more comfortably than those with over- 
weight. If any one will make a census 
of persons in his acquaintance over 
seventy years of age, and divide them 
into a spare group and a stout group, 
one will learn how much larger is the 
proportion of thin persons in old age. 
Exceptions exist, of course; but no man 
over sixty can expect to carry around 
forty or fifty pounds of excess fat with- 
out paying for the effort. 

The body weight at any time after 
childhood (excluding disease) represents 
the balance of three factors : the amount 
of food ingested, the amount of body 
heat lost by radiation, and the amount 
of muscular work (and exercise) done. 
It is best to consider these in the reverse 
order. 

Work and Food Requirement 

When the human body converts the 
stored energy of a foodstuff into work, 
this entails a combustion. But the 
mechanical efiiciency of the process is 
incomplete: about three fourths of the 
energy is dissipated as heat, around a 
fourth is recovered as work. The heat 
remains in the body, to be disposed of 
according to circumstances. As every 
one knows, hard work entails heavy eat- 
ing, sedentary occupations are sup- 
ported on a light diet. The amount of 
daily muscular work being done by the 
average American man and woman is 
declining sensibly every year. This is 
the consequence of the mechanization of 
society. Machines take the place of 
work animals and of manual workers. 
More and more, men become guiders of 
machines, fewer men function as manual 
workers. Hard work gives way to mod- 
erate work, moderate work gives way to 
light work, the average gainful occupa- 
tion approaches more and more the 
status of a sedentary vocation. 


The progress is in the same direction 
in the home, though mechanically not to 
the same extent. Every labor-saving 
contrivance introduced into the home — 
running water, central heating, electric 
light, improvements in fuels and in 
stoves, power-driven washing machines, 
dish-washers and vacuum cleaners, elec- 
tric irons and so on — has reduced the 
manual labor of household occupations. 
The net result is reduction of muscular 
effort as well as of fatigue. 

Improvements in transportation, com- 
munications and business methods have 
reduced the bodily labors of living. We 
do not need to go for or deliver the 
news; it comes to us. The efforts at- 
tending many occupations are reduced 
by perfection of transportation and of 
business methods, the latter an inade- 
quately recognized clement. The auto- 
mobile has enormously reduced the 
average annual exertion of walking. 
Both city and country life can now be 
replanned, because people ride to their 
work instead of walking to it. 

Against these numerous items of sav- 
ing of exertion only one factor operates 
in the opposite direction — increase in 
sports. But the counter-effect is small ; 
the golf courses, tennis courts, baseball 
and football fields (even without con- 
sidering the decline of hiking) are not a 
significant counter-weight to the mecha- 
nization of gainful occupations. Fur- 
thermore, apart from golf the sports are 
largely the exercises of youth. As to 
golf, the physical exercise of the game, 
so far as the average player is concerned, 
is exaggerated; probably the average 
player, in response to the appetite 
aroused by the game, overeats enough to 
make up for the energy expended. 

The cumulative result upon the food 
requirements of the various elements in 
the mechanization of society is highly 
significant. It can not be measured; 
but when one recalls that a man doing 
extreme work requires six to eight thou- 
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sand calories, hard work four to five 
thousand calories, light work three to 
four thousand calories and sedentary- 
occupations less than three thousand 
calories per day, the extent of the lower- 
ing of food requirements consequent on 
mechanization becomes apparent. 

Climate and Food Requirement 

Considering now the second factor, 
the radiation of body heat, we find that 
here also a progressive saving has been 
taking place. Warm-blooded animals 
keep their body temperature quite con- 
stant. The lower the external tempera- 
ture and the heavier the radiation, the 
larger the food requirement to keep 
the body warm. With each decade a 
smaller proportion of men and women 
work in occupations exposed to cold. 
Dwellings, factories and ofiBce buildings 
are being better heated. The food re- 
quired to keep the average body warm 
is being gradually and significantly 
reduced. 

The Gross Food Requirement 

Considering now the first factor, the 
amount of food ingested, we find that 
this depends primarily on the require- 
ment for sustenance and secondarily on 
the requirements for support of work 
and body heat. The average require- 
ment of the adult at rest in a room tem- 
perature of around 90** F. is consider- 
ably less than two thousand calories per 
day. This includes all the protein, fat 
and carbohydrate; all the nutritional 
elements needed to maintain repair and 
upkeep of the tissues. Food must be in- 
gested in excess of this amount to keep 
the body warm in a colder surrounding 
temperature and to maintain muscular 
activities. Under these circumstances, 
the average per capita intake of food 
per year in terms of calories has prob- 
ably depended more on work and ex- 
posure than on the basal requirements 
of the body. With these two factors 


declining, as indicated above, the aver- 
age amount of food required per person 
per day is substantially lowered. 

Food Intake and Overweight 

What has this to do with overweight? 
It has to do with overweight because we 
do not reduce the intake of food as we 
reduce muscular work and exposure. 
As muscular work and exposure decline, 
hunger and appetite do not decline cor- 
respondingly and we tend to put on 
weight. The food ingested in excess of 
daily requirements is largely converted 
into and stored as fat. 

It is frequently suggested that in- 
stinct is a safe guide for eating. This 
pleasant homily is unsound, so far as 
overweight is concerned, because animal 
instinct runs in. the direction of over- 
weight. Hibernating animals gorge 
themselves during the summer in order 
to have fat enough, when they ‘'hole in,'' 
to carry them through the winter. The 
winter is the lean season for herbivorous 
animals ; instinct leads them to enter the 
winter as fat as possible, as forage is 
restricted. Winter is also the lean 
season for carnivorous animals. In gen- 
eral, in the temperate and polar zones, 
spring weights of wild animals are lower 
than fall weights. 

This instinct holds in domesticated 
animals and is utilized in raising live 
stock for the market. On the farm 
animals are now commonly fed with the 
use of contraptions called “self-feed- 
ers,'* which leave the animals free to 
choose between different feeds and to 
limit themselves, or stuff themselves, 
according to impulse. The razorback 
hog has the same instinct as the stall-fed 
pig, but the latter is not forced to waste 
his energy hunting for feed. The system 
of “self -feeding" works because it lies 
in the nature of the beast to get fat, and 
instinct guides his feeding in the direc- 
tion of overweight. 

This instinct holds for human beings, 
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to the extent that instinct holds for eat- 
ing at all. Most adults tend to eat too 
much, relative to their requirements. In 
this we are aided by the wide choice of 
foodstuffs available to us, by improve- 
ments in the art of cooking, and by the 
added attraction contributed to the re- 
past by tempting service, esthetic sur- 
roundings and social amenities. In our 
modern life, psychological appetite has 
as much scope as (or more than) physio- 
logical hunger. We have a number of 
effective motives for eating aside from 
physiological need, and they are oper- 
ative a great deal of the time. 

Overeating, relative to need, is the 
major cause of overweight. There are 
persons who overeat and remain thin; 
there are also persons who diet and 
grow fat. But such persons are few in 
number, the rare exceptions, abnormal, 
or at least anomalous. After all, human 
beings are animals and animal hus- 
bandry is founded on the demonstrated 
doctrine that feed makes fat, and fat 
can not be gotten without feed. 

The easiest way of avoiding ingestion 
in excess of requirements is to use bulky 
foodstuffs with low caloric content in- 
stead of concentrated foodstuffs with 
high caloric content. It is possible to 
lose weight on a full stomach three times 
a day; it is possible to gain weight on a 
diet which does not fill the stomach once 
a day. It is in this respect that fruits 
and vegetables are attractive; they are 
invaluable for vitamins and mineral ele- 
ments, but they are also valuable in 
satisfying hunger and appetite without 
promoting overweight. 

There is an esthetic as well as a physi- 
ology of overweight. Overweight con- 
sists largely of fat, with its attendant 
water. Fat has a way of accumulating 
in places where it is really not wanted 
and in regions where it is conspicuous. 
An artist could distribute thirty or forty 
pounds of fatty tissue over the frame of 
a six-foot man with retention of pleasing 


lines; but nature fails to do so. There 
is no accounting for tastes. The in- 
habitants of those countries where obes- 
ity is sought as a matter of personal 
appearance (as in the Levant and in the 
Orient) could doubtless give reasons for 
their preference; but it can hold little 
gratification for an elderly American 
gentleman to look like a Brownie. What 
makes obesity less abhorrent to men in 
this country is in part the fact that 
masculine raiment is so nondescript in 
appearance that it does not look much 
worse on a fat man than on a thin one. 
It is perhaps not to be wondered at that 
obesity becomes a sign of distinction in a 
country so poverty-stricken that under- 
nutrition is the rule. 

Economic Considerations 

One of the outstanding features of the 
modern social economy is the promi- 
nence of services contrasted with goods. 
Among the goods, the foodstuffs have 
declined in prominence, contrasted with 
other goods. Sustenance of the body 
makes relatively lower claims than for- 
merly. With increased national income 
has resulted a subordination of revic- 
tualment which is not adequately appre- 
ciated. Evidence from census sources 
and from surveys of distribution sug- 
gest that the outlay of the American 
people to cover the food supply is not 
much over a fourth of the national in- 
come. Indeed it is coming to be real- 
ized that the inclusive outlay for the 
automobile is almost as much. Stated 
baldly, this implies that the automobile 
costs the statistical family as much as 
the food supply, and together the two 
take up about half of the national in- 
come. For the subject in hand, the 
importance of this lies in the relation 
between burden of subsistence and level 
of subsistence. 

When a country is poor, undernu- 
trition is likely to be prevalent. When 
from half to two thirds of the national 
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income must be expended for the food 
supply, it is likely that the average plane 
of nutrition will be such as to entail 
underweight. Pressure of population 
on food supply tends toward under- 
weight. When, on the contrary, a 
country is rich, undernutrition is likely 
to be of only incidental occurrence. 
The foodstuff that was once a luxury 
becomes a comfort, the foodstuff that 
was once a comfort becomes a necessity. 
When food supplies are freely abundant 
and only a fourth of the national income 
needs to be spent for foodstuffs, a high 
level of nutrition is likely to be main- 
tained. A high level of nutrition tends 
toward overweight. Whenever it is easy 
to be fully nourished, it becomes easy to 
be overnourished. Instead of being 
comparable with the razorback hog, 
which has to hustle and root for his 
feed and keeps thin, we are comparable 
with the stall-fed pig, which chooses his 
feed out of self-feeders and grows fat. 
It is often said that prosperity makes 
the population soft; it is equally true 
that it makes the population fat. The 
White House Conference on Child 
Health has made it evident that we have 
a relatively high incidence of defects 
attributable directly or indirectly to 
faulty nutrition. But clearly this is due 
for the most part to ignorance. The 
ignorance which is likely in children to 
lead to undernutrition is likely in those 
past middle life to lead to overweight. 
In short, in the national sense, suste- 


nance of adults has ceased to be a prob- 
lem; instead, to a significant extent, 
oversustenance of adults becomes a prob- 
lem. 

Summary 

Let us now summarize the argument. 
There are instinctive impulses and 
physiological tendencies in the direction 
of overweight, which will prevail unless 
restrained or counteracted. We live in 
economic circumstances which permit an 
easy functioning of the influences 
making for overweight. The national 
income is rising. The proportion of the 
national income required to cover the 
retail cost of the food supply is rela- 
tively small. Foodstuffs are available 
in extraordinary variety and profusion. 
The per capita food requirement is de- 
clining. Economic restraint on eating 
is lacking except in the poorest classes. 
Under these circumstances, the proba- 
bility of average overweight is increas- 
ing. Unless restrained, a decade hence 
the average overweight of people over 
forty will be significantly higher than it 
is to-day; the effect of overweight upon 
incidence of disease and upon the death- 
rate will become more conspicuous. 
The solution does not lie in sports or 
physical exercise. Four factors are to 
be looked forward to as restraining in- 
fluences : education in nutrition, medical 
precept, life insurance admonition and 
style. And the greatest of these, prob- 
ably, is style. 
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The field of the filterable viruses is an 
ever-widening one which, particularly 
during the last decade, has commanded 
the attention of investigators in practi- 
cally all parts of the world. Within 
recent years investigations in this field 
have become so extensive that a large 
number of scientific journals and publi- 
cations contain in each issue papers or 
at least some reference concerning inter- 
esting phases of this subject. Various 
text-books of recent edition have in- 
cluded a section on the filterable viruses 
and two volumes have been published 
within the last two years which have 
attempted to treat the subject in an ex- 
haustive manner. It seems altogether 
fitting then for scientific publications of 
general interests to publish periodic re- 
views of such subjects as the filterable 
viruses, particularly since many of 
these, the filterable virus field being a 
notable example, are changing and de- 
veloping with kaleidoscopic rapidity. 
In a very limited space the author will 
attempt a brief picture of this fascinat- 
ing subject. 

No one has as yet offered a suitable 
definition of a filterable virus. Not all 
filterable viruses are ultramicroscopic ; 
hence the latter term is not precisely 
synonymous with the former, although 
it is decidedly a more definitive one. 
The term filterable virus has come into 
general use chiefly because most of these 
agents have been shown to pass through 
the pores of porcelain or diatomaceous 
earth filters. The term is therefore 
relative and only in a general way indi- 

^ For general reference to the literature 
eoncerning filterable viruses see '^Filterable 
Viruses,'’ hy Bivers, 1928, and "Filterable 
Virus and Hioketteia Diseases," bj McKinley, 
1929. 


cates size, for actual filtration of these 
agents depends to a large degree upon 
several other factors, such as the electri- 
cal charge carried by the particle and 
the substance of which the filter is made, 
the viscosity of the material being fil- 
tered, its hydrogen concentration, to 
some extent, and the amount of positive 
or negative pressure which is employed 
in carrying out the filtration operation. 
No doubt, as time goes on, other factors 
may be shown also to be involved. At 
the present moment, then, we are at- 
tempting to define a field by a purely 
empirical method which, most students 
of the subject will agree, is unsatisfac- 
tory. Until we learn more about these 
agents, however, we must be content 
with the present state of affairs and, for 
the time being, define a filterable virus 
as a particulate agent, probably en- 
dowed with life, of a size and carrying 
an electrical charge which permits it to 
pass through the pores of ordinary filter 
candles, as a rule ultramicroscopic 
(though there are exceptions), related 
in many instances to the formation of 
intracellular inclusion bodies (cytoplas- 
mic, intranuclear or both) and, since 
disease phenomena have focused our 
attention upon them, they appear to be 
capable of inducing pathologic processes 
in many forms of life, including man, 
lower animals, fowls, fishes, insects and 
plants. It is quite possible, of course, 
that filterable viruses exist which may 
not be at all pathogenic for any form of 
life. We may possibly have sapro- 
phytic filterable viruses as we do sapro- 
phytic bacteria. 

It is readily apparent that the filter- 
able virus field is in a somewhat chaotic 
state. There are so many questions 
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which can not be answered definitely at 
the present time. There is the question 
of the living nature of viruses, for exam- 
ple. While we can not be sure that all 
viruses are living, in the same sense as 
we consider bacteria, yet the evidence 
seems to point in this direction. By the 
same token we can not properly evalu- 
ate and interpret at present the thesis 
of Beijerinck of a ‘‘contagium vivum 
fluidum,’^ or that of Simon of a ‘‘con- 
tagium inanimutum’’ or our general 
concept of a particulate animate agent 
— indeed all are possible — but it seems 
probable that our definition will meet 
most of the demands of our present 
knowledge concerning these agents. 

Having attempted to define the filter- 
able viruses, let us look at the subject in 
retrospect. In 1874 Weigert studied 
the minute bodies in the lesions of small- 
pox which we now designate vaccinia 
bodies or Guarnieri bodies. These were 
later studied by Loeffier and Pfeiffer in 
1886 and extensively by Guarnieri in 
1892, after whom they have been named. 
In 1892 Iwanowski found that filtrates 
from mosaic diseased tobacco plants 
contained the infecting agent and that 
it remained active for several months. 
These observations formed the begin- 
ning of the filterable virus field. Since 
the beginning of the present century 
the major portion of discovery concern- 
ing this subject has taken place and at 
the present time there are no less than 
seventy diseases included in this group. 
Some of the historical landmarks of this 
discovery are as follows : 

The demonstration in 1892 of the fil- 
terable nature of the virus of mosaic 
disease of tobacco by Iwanowski gave 
impetus to the development of the filter- 
able virus field. The so-called pox 
bodies, which had been previously 
studied by Weigert and Loefl8er and 
Pfeiffer, were thought to be protozoa up 
to this time. In 1892 Guarnieri de- 
scribed these bodies in some detail. In 


1898 Frosch and Loeffler demonstrated 
the filterable nature of the virus of foot- 
and-mouth disease and a year later 
Beijerinck added to our knowledge of 
the tobacco mosaic virus and suggested 
the possible existence of a “contagium 
vivum fluidum.’’ Events then followed 
rapidly. In 1903 Negri described the 
bodies which have been named after him 
in the central nervous system of animals 
dying of rabies. The presence of these 
bodies is characteristic of the disease. 
During the same year Borrel reported 
the presence of pox bodies in sheep-pox. 
In 1907 Ashburn and Craig demon- 
strated the filtrability of the virus of 
dengue fever and in the same year 
Prowazek demonstrated the so-called 
trachoma bodies in the epithelial cells of 
the conjunctiva from cases of this dis- 
ease. Two years later, in 1909, Hey- 
mann, and also Linder, described inclu- 
sion bodies in a form of conjunctivitis 
found at birth and designated as con- 
junctivitis neonatorum. The previous 
year, 1908, Landsteiner and Popper 
succeeded in infecting monkeys with the 
virus of poliomyelitis and demonstrated 
that the virus is filterable. This work 
was confirmed the following year by 
Flexner and Lewis. In 1911-12 Peyton 
Eous demonstrated the filterable nature 
of an agent causing sarcoma in chickens, 
and these tumors have received much 
attention since that time in an effort to 
learn something regarding the etiology 
of human cancer and other new growths. 
The work of Gye and Barnard in 1925 
gave a new stimulus to the study of 
these neoplasms as well as to other ex- 
perimental tumors in animals. In 1913 
Flexner and Noguchi reported the cul- 
tivation of the virus of poliomyelitis, 
though it now seems probable that these 
investigators did not actually succeed in 
cultivating the true virus of this disease. 
The same year Noguchi and Cohen de- 
scribed the cultivation of the minute 
bodies described by Prowazek in tra- 
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choma. It now seems probable that this 
work was erroneous in so far as the 
actual cultivation of the trachoma 
bodies is concerned, since Noguchi him- 
self in 1927 described a Qram-negative 
bacillus, BaciUus granulosis, as the 
cause of this disease. Also, in 1913, da 
Rocha Lima claimed to have demon- 
strated the filtrability of the causative 
agent in verruga Peruviana, thought to 
represent a later phase of the disease 
described by Carrion and known as 
Oroya fever or Carrion's disease, but 
subsequent events seem to have estab- 
lished the etiology of this disease as a 
Oram-negative bacillus, the Bartonella 
haciUiformis, described by Noguchi in 
1926-1927. It is worthy of special 
note, as the trend of events indicates, 
that Lipschiitz at this time prepared a 
review of the filterable virus field. As 
early as 1913 this author was able to list 
some forty-one diseases affecting man 
and animals in which the filterable 
nature of the causative agent was then 
thought to be established with more or 
less certainty. It is true, however, that 
some of the diseases included in Lip- 
schiitz’s review have since been shown to 
belong elsewhere. It is quite apparent 
as this subject developed that there was 
a tendency to place most diseases of 
unknown etiology in this group. It has 
been a very convenient waste-basket. 
Yellow fever is a notable example of 
this, for up until recent years there was 
no direct evidence that this disease is 
caused by a filterable agent and yet it 
was generally thought that when the 
true etiology of yellow fever became 
known it would be found to be a filter- 
able virus. But in 1918 Noguchi de- 
scribed the Leptospira icteroides as the 
causative agent in yellow fever and for 
nearly ten years this work was quite 
generally accepted as proven fact. 
Sellards, in 1927, questioned the rSle of 
the Leptospira icteroides in yellow fever 
and demonstrated the identity of this 


organism with the Leptospira ictero- 
hemorrhagiae of Weil’s disease. Then 
followed the work of the yellow fever 
commission in Africa which has estab- 
lished the filtrability of the causative 
agent of yellow fever. 

We have made no mention of the bac- 
teriophage which was first described by 
Twort in 1915 and later studied in great 
detail by d'Herelle. There is no ques- 
tion of the filtrability of the lytic prin- 
ciple but there is still controversy 
regarding the nature of this substance 
which d’Herelle believes to be a filter- 
able virus. Further study will have to 
determine this question. 

In 1918 the world was the seat of a 
great pandemic of infiuenza. The eti- 
ology of this disease had remained 
obscure in previous epidemics. Almost 
at the same time epidemics of encephali- 
tis lethargies began to appear and many 
of these cases were preceded by attacks 
of influenza. Some investigators be- 
lieved that encephalitis is related etio- 
logically with the cause of influenza. 
In 1919 Strauss and Loewe claimed to 
have demonstrated and cultivated a fil- 
terable virus from cases of epidemic 
encephalitis, but their work has not been 
substantiated. In 1921 Levaditi, Har- 
vier and Nicolau also described a filter- 
able virus as the cause of the disease. 
Subsequent investigations of our own 
and others indicate, however, that the 
Levaditi virus is closely related, if not 
identical, with known strains of herpes 
virus. In 1920-22 Olitsky and Oates 
described a filterable organism. Bac- 
terium pneumosintes, as the causative 
agent in epidemic influenza, but this 
work has not been adequately confirmed 
to establish it as the cause of the disease. 

While some investigators have per- 
haps leaned too much toward the filter- 
able virus field in their zeal to discover 
the causes of many of these diseases, 
there have, of course, been others just as 
insistent that known bacterial forms are 
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involved in many instances. For exam- 
ple, the influenza bacillus and the strep- 
tococci have had their insistent adher- 
ents in the case of epidemic influenza 
and both these organisms, the former 
only recently, have been discussed in 
connection with epidemic encephalitis. 
There has been so much debate, so much 
controversy, so many claims, without 
pertinent scientific evidence, that we 
must continue to think of these two dis- 
eases and, for that matter, many others 
which have been carelessly placed with 
the virus diseases as members of that 
group of diseases of unknown cause. 
More recently we have seen two other 
diseases connected with the filterable 
virus field, psittacosis and multiple 
sclerosis, but experience has taught us 
to wait conservatively for acceptable 
confirmatory reports. 

No mention has been made thus far of 
another group of diseases, the so-called 
rickettsia diseases, in connection with 
the filterable viruses. It is doubtful 
whether this group has any relation to 
the filterable viruses, and yet there have 
been several observations which indicate 
that some of the rickettsia may possibly 
be filterable in some stage of their devel- 
opment. On the basis of these observa- 
tions it seems that, for the present, we 
should at least make mention of this 
group of diseases in any discussion of 
the virus field. Sellards and Siler, for 
example, have described rickettsia 
bodies in dengue-fed mosquitoes. On 
the other hand is the original observa- 
tion of Ashburn and Craig, subsequently 
confirmed, that the etiological agent in 
dengue fever is filterable. There are 
likewise the observations in connection 
with trench fever and tsutsugamushi 
disease, both of which have beep etio- 
logically assigned a filterable agent, and 
yet rickettsia have also been described 
for both. The question arises — ^are 
some of the rickettsia filterable, and if 
so, should such agents be included in the 


group of filterable viruses! This ques- 
tion can not be answered at the present 
time. For the present it seems best to 
consider the rickettsia in a group by 
themselves. 

If one were to attempt to make a list 
of the diseases caused by filterable 
viruses and indicate by some symbol 
after the name of each whether the virus 
nature of the disease is definitely estab- 
lished or not it would be very difficult. 
This is due chiefly to the great differ- 
ences of opinion which exist in the 
minds of investigators who have worked 
experimentally or at the bedside with 
those diseases. The writer is tempted 
to prepare such a list but realizes that 
it would be useless to do so, for probably 
no one would agree with him but him- 
self. It is most certain, however, that 
a list of those diseases definitely proved 
beyond question to be caused by filter- 
able agents would, at the present time, 
be very limited. However, in order to 
give some idea of the possible scope of 
the field, the reader is referred to the 
general literature dealing with this 
subject. 

No discussion of the virus field would 
be complete without mention of the in- 
tracellular inclusion bodies which have 
been found associated with many dis- 
eases believed to be caused by filterable 
viruses. The presence of inclusion 
bodies has already been referred to in 
our definition. These inclusions are 
found in the cytoplasm of certain cells 
in some diseases and in other diseases 
they are found in the nucleus. In some 
diseases the inclusion bodies are found 
both in the cytoplasm of the cell and in 
the nucleus. On the basis of their loca- 
tion Lipschiitz offered a classification in 
1921. These peculiar bodies are found 
not only associated with some of the fil- 
terable virus diseases of man but are 
also found associated with certain dis- 
eases, thought or proven to be caused by 
filterable viruses, in other forms of life 
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such as lower animals, fowls, fishes, in- 
sects and plants. The exact nature of 
these bodies is unknown. However, it 
has been demonstrated recently by 
Woodruff and Goodpasture that the in- 
clusion bodies of fowl-pox contain 
minute granules and fowls inoculated 
with the inclusion bodies have developed 
the disease. This would indicate, as has 
been suspected for some time, that the 
inclusion bodies may represent actual 
virus and their formation may be due to 
the reaction of the cell to the presence 
of the infecting agent in a protective 
mechanism designed to defend the cell 
from the invading virus. This theory is 
further supported by the recent produc- 
tion of inclusion bodies in cells in tissue 
culture by introducing virus material 
into the medium of these growing cells. 
On the basis of these observations it 
would seem logical to discount the 
theories that these bodies are the result 
of degenerative processes in tissue cells 
or that they are the result of leucocytic 
migration or fragmentation, as has been 
suggested by some investigators. Still 
we should not be too hurried in our 
decision regarding this matter, for, 
after all, only a selected few of the in- 
clusions have so far been carefully 
studied and they may not all represent 
the same phenomena. Suffice it to say 
for the present that inclusion bodies are 
consistently found associated with cer- 
tain of the virus diseases — so much so 
that they may, in most instances, be 
taken as evidence of virus infection. 
The exact nature of these bodies will 
have to be determined by future study. 
We have some hint as to what this may 
be, but further work will be necessary 
before many of the questions regarding 
the inclusion bodies and their relation to 
virus diseases can be answered. 

When one considers the many impor- 
tant diseases affecting mankind and 
many other forms of life which have 
been thought of as possible virus infec- 


tions, one is amazed at the possible ex- 
tent of this field of investigation. 
Among the diseases affecting man, con- 
cerning which there is evidence of a 
filterable or ultramicroscopic causative 
agent, are smallpox, varicella, measles, 
epidemic parotitis, epidemic encephali- 
tis, yellow fever, poliomyelitis, dengue 
fever, rabies, psittacosis, the common 
colds and epidemic influenza. Other 
important diseases such as cancer and 
multiple sclerosis have adherents who 
believe that their inciting agents are of 
virus nature. Among the diseases of 
lower animals we have the various forms 
of pox (cow-pox, sheep-pox, horse-pox, 
goat-pox, swine-pox), rabies, distemper, 
encephalitis in horses (Borna disease), 
Nairobi disease of sheep, Afriean horse 
sickness, catarrhal fever of sheep, foot- 
and-mouth disease, hog cholera, rinder- 
pest, pleuropneumonia, influenza and 
others, all of which are thought of at 
present as probable virus infections. 
Then there are fowl-pox and fowl diph- 
theria, fowl-plague, the sarcomata of 
fowls, leukaemia of fowls and others; 
there are the diseases of insects which 
include saebrood disease of bees, the wilt 
diseases of the gipsy moth and the 
European nun-moth, jaundice of silk- 
worms, etc. ; there are the epithelioma of 
fish, carp-pox and lymphocystic disease 
of fish ; and finally in the plant kingdom 
we have that large group of mosaic dis- 
eases which include mosaic of tobacco, 
sugar cane, tomato, potato, cucumber, 
lettuce, cabbage, mustard, turnip, 
spinach and many others. Among the 
rickettsia diseases of man we have 
typhus fever, trench fever. Rocky Moun- 
tain spotted fever and possibly others. 

As a subject the filterable viruses 
offer tremendous opportunities for sci- 
entific study. A great deal of knowl- 
edge has accumulated during the past 
four decades, but as a field for investi- 
gation the filterable viruses seem only in 
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their infancy when one takes into ac- 
count the many important and funda- 
mental questions which need to be 
answered. We have given here only a 
brief glimpse of the terrain. Most of it 
is unexplored territory but it is a hope- 
ful sign to see the extraordinary activity 
which has been focused on these prob- 
lems during the past several years. 
One American university has, with 
vision and foresight, established a de- 
partment for the study of this group of 
diseases. Another has added a course 
in the filterable viruses to its curricu- 
lum. No doubt further developments 
along these lines will occur as awakened 
interest and vision take the place of 
reticence. And the filterable viruses 
may offer a special field, just as the dis- 
eases of the various systems are special- 
ized to-day in our modern medical insti- 
tutions. The demands of progress and 
the needs for trained personnel may, of 


necessity, bring this about. Progress 
has been slow and no doubt will con- 
tinue to be slow until some of the funda- 
mentals are established. This has been 
true in the science of bacteriology 
(nearly two hundred years elapsed be- 
tween the invention of the microscope 
and the discovery of the first disease- 
producing germ, the anthrax bacillus). 
The cultivation of the first bacterium on 
artificial medium gave to the science of 
bacteriology a fundamental working 
tool. Looking ahead in the field of the 
filterable viruses our greatest need is 
for working tools, new ideas and meth- 
ods of approach. As these become 
available fundamental progress will be 
made and many of the mysteries now 
surrounding the filterable and ultra- 
microscopic agents will be solved. The 
diseases caused by these viruses will 
then be conquered by preventive and 
curative means. 


HYDRAULIC RESEARCH AT THE BUREAU 
OF STANDARDS* 

By H. N. EATON 

BUREAU OF STANDARDS, WABHINQTON, D. C. 


The last session of Congress marked 
the successful termination of the long- 
continued effort to have established at 
the U. S. Bureau of Standards a na- 
tional hydraulic laboratory adequately 
equipped to permit of fundamental re- 
search in all branches of hydraulics, for 
the purpose of furthering our knowledge 
of the complicated processes of water- 
flow, for determining more accurately 
the numerical values of experimental 
constants involved in the formulas used 
in the design of hydraulic structures, 
and for making laboratory tests on small 
models of proposed dams, spillways, 

^Publication approved by the Director of 
the Bureau of Standards of the U. S. Depart- 
ment of Commerce. 


canal locks, river control works and 
similar structures. 

Such studies are not merely of aca- 
demic interest, but the results are ca- 
pable of immediate application to the 
design of the immense hydraulic proj- 
ects costing hundreds of millions of 
dollars which are now being undertaken 
by our federal government, by the states, 
by municipalities and by private inter- 
ests. We have already embarked upon 
the extension of our inland and coastal 
waterways, at a probable cost in excess 
of $500,000,000. Flood control of the 
Mississippi and other rivers will cost us 
many hundreds of millions of dollars 
during the next decade. The immense 
Boulder Dam on the Colorado River is to 
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be constructed at a cost of $165,000,000. 
Consideration is being given to the 
construction of the Nicaraguan Canal 
at a cost undoubtedly in excess of 
$500,000,000. Immense sums are being 
expended every year on irrigation proj- 
ects, on hydroelectric plants and on 
water-supply projects. 

Obviously any means which will per- 
mit a saving of even a small percentage 
of the cost of these huge projects will 
mean the saving of millions of dollars. 
This can be done with the aid of the 
hydraulic laboratory. The investiga- 
tions conducted in its experimental 
flumes furnish more exact information 
to the designers of hydraulic structures 
and enable them to effect economy 
through the more accurate knowledge of 
the processes of flow with which they 
have to deal. Tests on models of pro- 
posed structures point out the most ef- 
fective design, give added assurance that 
the structures will function as planned 
and indicate how maintenance costs can 
be reduced. 

Of late years hydraulic engineers in 
this country have become more and more 
aware of these facts and are now send- 
ing their problems in rapidly increasing 
numbers to the few suitably equipped 
hydraulic laboratories in our engineer- 
ing colleges. At present the laboratories 
at the Worcester Polytechnic Institute 
and at the State University of Iowa are 
actively engaged to their full capacity 
with model tests of hydroelectric power 
projects and other problems relating to 
the flow of water over spillways and in 
open channels. The laboratories at the 
Carnegie Institute of Technology and 
the Massachusetts Institute of Technol- 
ogy also are rapidly becoming more ac- 
tive in this respect, and other college 
laboratories are undertaking this type of 
investigation. 

Nevertheless, in spite of the growing 
utilization of the hydraulic laboratories 
in the engineering colleges, many hy- 
draulic engineers have felt that there 


was great need for the establishment of 
a national hydraulic laboratory to be 
operated by the central government, as 
is done in a number of European coun- 
tries. 

John R. Freeman, the internationally 
known hydraulic engineer, was first to 
propose publicly a national hydraulic 
laboratory, but Senator Joseph E. Rans- 
dell, of Louisiana, had also conceived 
the same idea at an early date. As a 
result of conferences with Mr. Freeman, 
Senator Ransdell, in the Sixty-seventh 
Congress, 1921, introduced a resolution 
for the purpose of establishing such a 
laboratory. This failed to pass and it 
was not until May, 1930, that the bill 
to establish such a laboratory at the Na- 
tional Bureau of Standards finally 
passed the Seventy-first Congress, 
largely through the legislative efforts of 
Senator Ransdell and his colleague. Con- 
gressman James 0 ^Connor, of Louisiana. 
The bill received the support of nearly 
the entire engineering profession. 
Dozens of prominent engineers testified 
in its favor at the hearings or wrote 
letters urging the passage of the bill. 
About forty engineering societies and as- 
sociations also supported it. In particu- 
lar, John R. Freeman gave lavishly of 
his time and money to focus public atten- 
tion upon the matter and used his in- 
fluence wherever possible to bring about 
the passage of the bill. Rarely has there 
been such wide-spread interest in any 
piece of legislation of this nature. 

The bill was also supported by sev- 
eral government departments which deal 
to a large extent with hydraulic prob- 
lems, in particular, the Bureau of Rec- 
lamation and the Geological Survey 
of the Department of the Interior, and 
the Bureau of Public Roads of the De- 
partment of Agriculture. Each of these 
departments has hydraulic problems 
which are in urgent need of solution 
and which can be investigated in the new 
laboratory. In spite of its immense con- 
struction projects in connection with 
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irrigation works, the Bureau of Reclama- 
tion has never had a hydraulic labora- 
tory in which it could study the prob- 
lems arising in the design of its 
structures. Its capable staff of engineers 
has solved the problems confronting it 
as well as any other body of engineers 
in the world could have done without 
the aid of a laboratory, but we have 
their own testimony that the National 
Hydraulic Laboratory will be a valuable 
aid to them in their work. For example, 
in the design of the Boulder, Dam, which 
will be the highest dam in the world, 
there are problems for which the engi- 
neers can find no precedent, and which 
will therefore require experimental 
study. A single mistake in the design 
of such a structure, because of lack of 
exact information as to how the water 
will flow, might easily cost more than the 
National Hydraulic Laboratory. 

The Bureau of Public Roads is inter- 
ested in obtaining more accurate in- 
formation as to the flow of water in 
irrigation ditches and its measurement, 
the backwater caused by bridge piers 
and other obstructions in streams, the 
scour about piers, etc. The Geological 
Survey is interested mainly in the mea- 
surement of stream flow. Its principal 
need is more exact information as to the 
various types of measuring devices, such 
as weirs and dam sections of various 
kinds, current-meters, etc. It needs, in 
particular, tests of current-meters in 
flowing water, in order that moving 
water calibrations may be compared with 
still water calibrations to determine the 
effect of turbulence on their indications. 

The new laboratory will have three 
principal functions. First of all, it will 
be a place where fundamental research 
can be conducted with the advantages 
of continuity of effort and staff and with 
ample equipment. It will add to our 
general knowledge of water-flow phe- 
nomena by determining accurately flow 
coefficients, friction losses in various 
structures, the laws «of the movement of 


gravel and silt in rivers and canals, 
erosion below spillways and similar 
problems. 

In the second place, its staff will make 
model studies of proposed hydraulic 
structures to determine the form which 
is most effective in producing the desired 
results and which will be the cheapest 
to build and maintain. 

The third function of the laboratory 
will be to conduct routine tests on all 
kinds of hydraulic instruments, meters 
and accessories, such as water-meters, 
current-meters and Venturi meters. 

The laboratory will probably be en- 
gaged principally with special studies 
and general investigations for the gov- 
ernment departments, states and other 
political subdivisions, which now have no 
adequate hydraulic laboratory facilities. 
It will not enter into competition with 
college and commercial hydraulic labora- 
tories but will rather aim to encourage 
such laboratories in any way possible. 
This is in accord with the general policy 
of the National Bureau of Standards not 
to undertake tests or studies which can 
be adequately and conveniently con- 
ducted elsewhere. 

The laboratory investigations which 
are required by hydroelectric compa- 
nies and manufacturers of hydraulic ma- 
chinery and which are being undertaken 
in increasing numbers every year should 
be, and undoubtedly will continue to be, 
conducted in the laboratories of the en- 
gineering colleges or by the individual 
companies themselves. This does not 
mean, however, that private individuals 
or organizations will be precluded from 
bringing to the National Hydraulic 
Laboratory problems which other labo- 
ratories are not equipped to handle. 

The laboratory is to cost approxi- 
mately $350,000, including Wlt-in 
equipment such as pumps, supply tanks, 
concrete flumes, a standpipe, etc. The 
plans are now being considered by an 
advisory committee selected from the 
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most prominent hydraulic engineers in 
the government departments and in civil 
life. It is impossible to predict at this 
early date what the exact form of the 
building and the nature of the equip- 
ment will be. However, in all probabil- 
ity there will be a very large concrete 
flume in which several hundred cubic 
feet of water per second can be circu- 
lated, a series of smaller glass-walled 
flumes of various widths from 1 foot up 
to 4 feet, a long shallow steel flume 
which can be tilted a few degrees from 
the horizontal, a cylindrical standpipe to 
furnish high heads, large basins for 
volumetric measurement and weighing 
tanks for measuring very accurately 
flows up to about 10 cubic feet per 
second. There will also be provided a 
large floor space free from fixed equip- 
ment and supporting columns for the 
construction of models of dams, rivers 
and such structures as will require study 
from time to time. 

The water used in the tests will be 
circulated by means of pumps; that is, 
there will be large, low-lying concrete 
supply basins filled with water which 
will then be pumped to higher steel 
tanks arranged with overflow weirs to 
maintain constant head. From these 
tanks the water will flow by gravity to 


the model being tested, will then pass 
to weighing or measuring tanks and then 
be returned to the supply basin. 

The flumes with plate glass sides will 
furnish a clear view into the flowing 
water so that complicated flow phe- 
nomena can be studied visually and pho- 
tographically. Photography plays an 
important role in the modern hydraulic 
laboratory, since in this way transient 
phenomena which are often too rapid 
for the eye to grasp can be recorded 
permanently. Of late the moving pic- 
ture camera has come into general use 
for this purpose, particularly because 
the projector can be used to slow down 
the phenomena until rapid fluctuations 
can be followed with the eye and under- 
stood. 

Every one is familiar with the 
astounding advances which have been 
made possible in aeronautics during the 
past quarter of a century through re- 
search in the wind tunnel, that is, in the 
aerodynamic laboratory. We are just 
entering upon a similar era of progress 
in hydraulic engineering in which re- 
search in the hydraulic laboratory will 
lead us to a more intimate knowledge 
of the laws of flowing water and the 
most effective ways of applying them for 
the benefit of mankind. 



THE SCIENCE OF PHOTOGRAPHY' 

By Dr. C. E. KENNETH MEES 

KASTMAN KODAK COMPANY, BOCHESTXB, N. Y. 


Until quite recently, the scientific 
world has shown little interest in the 
science of photography as distinguished 
from its practice. Even the references 
to photographic theory in general text- 
books are brief and frequently mislead- 
ing. The introduction of sound into 
motion pictures, however, has brought 
the subject to the attention of a new 
section of the scientific public. That 
introduction was brought about by phys- 
icists and engineers trained primarily 
in the science of electricity, and when 
they started to apply the methods of 
sound recording to motion pictures, they 
were, of course, faced with photographic 

^ Being the ninth annual Sigma Xi address, 
delivered December 30, 1030, on the occasion 
of the mooting of the American Association for 
the Advancement of Science, Cleveland, Ohio. 


problems the pursuit of which brought 
them into contact rather closely with the 
development of photographic science. 

The science of photography deals with 
the physics and chemistry of light-sensi- 
tive substances and especially of the 
silver compounds used in the art of 
photography. It touches at many points 
the fundamental sciences from which it 
is derived. Its physics is a branch of 
physical optics, and in chemistry it 
comes in contact principally with phys- 
ical, colloid and organic chemistry. The 
apparatus and methods used in photo- 
graphic research have, however, become 
very specialized ; its experimental meth- 
ods are in many respects quite different 
from those employed in other fields of 
scientific work. 

The subject falls naturaUy into two 
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divisions: (1) the study of the light- 
sensitive substance itself and the 
changes which it undergoes in its trans- 
formation into an image ; (2) the proper- 
ties of that image when obtained and 
their relation to the original distribution 
of light and shade by which the image 
was produced. 

1. The light-sensitive substance which 
is used in modern photography, and 
which is known as the ‘‘emulsion,** is 
produced by precipitating silver bromide 
— usually containing some silver iodide 
— in the presence of gelatin, washing out 
all the water soluble substances present, 
and drying it down into a thin film 
coated on a support, which may be glass, 
cellulose base film, or paper. The light- 
sensitive layer thus consists of a sheet of 
gelatin which, in the case of materials 
used for making negatives, is about 40 
microns thick, and in which are im- 
bedded grains of silver bromide of an 
approximately triangular or hexagonal 
shape, varying in size from less than 1/2 
to 4 to 5 millimicrons in diameter. 
When these crystals are affected by 
light, they undergo a change, as a result 
of which, when placed in a photographic 
developer, which is an alkaline solution 
of a weak reducing agent, the silver 
bromide of the grain is transformed into 
micro-crystalline metallic silver. 

The study of these phenomena can be 
divided into four different sections ; 

A. The nature of the change which the 
silver halide crystals undergo when they 
are affected by light. 

jB. The nature of the product of that 
change; that is, the material produced 
which enables development to be effected. 

C. The physical chemistry of the de- 
velopment process itself. 

D. The relation of the size and sensi- 
tiveness of the different crystals to the 
effect produced after development ; that 
is, to the curve showing the relation be- 
tween the exposure and the mass of 
silver produced. 

These four sections, dealing with the 


phenomena of exposure and develop- 
ment, comprise that part of the science 
of photography which deals with the 
nature of the photographic process itself. 

2. Further, the science of photography 
deals with the nature of the final image 
produced and its relation to the optical 
image from which it was formed. This 
also may be divided into sections: 

E. The relation between the bright- 
ness of the various areas of the image 
and that of the corresponding areas of 
the original, which is known as “the 
theory of tone reproduction.** 

F. The structure of the image itself. 
The sharpness which is obtained in a 
photographic image is of importance 
primarily in connection with the resolv- 
ing power of the photographic material. 
Photographic images show a certain 
amount of graininess, and in connection 
with their use as measuring instruments 
small distortions occur, the nature and 
extent of which have been studied. 

G. The spectral sensitivity of the ma- 
terials, both natural and after treatment 
with optical sensitizing dyes, occupies an 
important place in the science of photog- 
raphy. 

11. Finally, in order to apply photo- 
graphic materials in photometry, we 
need a knowledge of the theory of tone 
reproduction, the characteristic curve, 
the developing properties of the mate- 
rial, and the spectral sensitivity ; in fact, 
we must be in a position to apply our 
whole knowledge of the science of pho- 
tography to the subject. 

In the early history of photography, 
investigators were occupied chiefly in 
attempting to improve the processes 
themselves with a view to obtaining 
photographic results of better quality or 
taking photographs with a shorter time 
of exposure. Whatever strictly scientific 
investigation there was was concerned 
with theories of the action of light and 
the part played by it in the production 
of the image. Quantitative measure- 
ments of the photographic process were 
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not made until more than thirty years 
after photography had been established 
as a medium for the reproduction of 
images, and modern photographic science 
dates primarily from the publication in 
1820 by Ferdinand Hurter and V. C. 
Driffield of a paper entitled “Photo- 
chemical Investigations,” in which they 
studied systematically the relation be- 
tween exposure and development and 
the deposit of silver produced in the 
photographic process. 

They first defined the photographic 
density, D, as being the logarithm of the 
opacity, which was defined as the inverse 
of the transparency. Thus, if we have a 
light of intensity I incident upon a pho- 
tographic deposit, and I' is transmitted, 

T (the transparency) =2'/^, 

0 (the opacity) =i//' *=t/T, 
and 

D = density = logarithm of I /V or - log V /I. 

Hurter and DriflSeld showed experi- 
mentally that the density Z> of a given 
silver deposit is proportional to the mass 
of silver per unit area contained in the 
deposit. This result was confirmed by 


other workers, but it has recently been 
shown that the relation is only approxi- 
mate and that there is a considerable 
departure from true proportionality 
with variations of exposure and develop- 
ment. A deposit transmitting approxi- 
mately one tenth of the incident light, 
that is, having a density of 1, contains 
about 1/10 mg of silver per square 
centimeter of the film. 

Basing their studies on their defini- 
tion of density, Hurter and Driffield 
exposed photographic plates for definite 
times to a standard candle by means of 
a rot iting wheel having cut-out sectors. 
The plates were developed, fixed, washed, 
dried, and the densities plotted on a 
chart with the logarithm of the exposure 
as abscissae and the densities as ordi- 
nates, as is shown in Pig. 2. This shows 
what is known as the characteristic curve 
of an emulsion. There are three fairly 
well-defined regions of the curve. Thus, 
from A to B, we have the initial part, 
convex to the log E axis, which may be 
termed the “region of under-exposure 
between B and C, known as the “region 
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of correct exposure’’ (the increase of 
density is practically constant for each 
increase of exposure, being arithmetical 
for each geometric increase of ex- 
posure) ; and in the third region, from 
C to D, this arithmetical increase fails, 
until the density becomes constant; this 
is the ‘‘region of over-exposure.” By 
prolongation of the straight-line portion 
of the curve, the log E axis is cut at a 
point which Hurter and Driffield termed 
the ‘‘inertia,” which, when divided into 
a factor, gives the ‘‘speed” of the plate. 

Hurter and Driffield studied the effect 
of the duration of development upon 
this characteristic curve and found that 
within certain limits the curve rotates 
around the inertia point, the effect of 
development being measured as an in- 
crease in the slope of the straight line 
portion, which they termed the ‘‘de- 
velopment factor,” and to which they 
assigned the Greek letter y The in- 
crease of Y with time of development is 
exponential, a limit being reached with 
prolonged development, which is gen- 
erally known as gamma infinity (Yoo). 
Photographic materials therefore may 
be classified by the values which they 
give for the inertia, a measure of the 
insensitiveness of the material, and of 
Yoo, which is a measure of the limiting 
contrast which can be obtained, while 
the reproduction of tone values may be 
expressed as the shape of Hurter and 
Driffield’s characteristic curve. Hurter 
and Driffield thus established photo- 
graphic science on a firm quantitative 
basis, which the work of many other 
investigators has expanded and modi- 
fied in details without affecting the 
foundation which they laid down. 

Like all photographic investigators, 
Hurter and Driffield were interested in 
the reaction which silver halide under- 
goes when exposed to light and in the 
nature of the product of that reaction, 
on which development is based. They 
thought that information as to this 
could be obtained from the work which 


they had done in measuring the quan- 
titative relations of the image, but in 
the course of time it has become clear 
that the nature of the action of light 
upon the photographic material and of 
the product of that action must be 
sought by a study of the individual 
grains rather than by the measurement 
of the total density. 

The study of the action of light on 
the individual crystal grains was com- 
menced by Svedberg in Upsala in 1920. 
Svedberg spread out the emulsion in a 
very thin layer so that he could count 
the number of grains occurring in a unit 
area and classified these according to 
their size. Another portion of the layer 
was then exposed and developed and the 
silver removed by means of a silver sol- 
vent, and the grains of silver bromide 
which had not been developed and re- 
moved were then counted. In this "way 
Svedberg established the fact that the 
likelihood of a grain becoming exposed 
followed the laws of probability, and 
that the larger grains were more likely 
to become exposed than the smaller 
grains. This work was followed up in 
England by the staff of the British 
Photographic Research Association and 
in our laboratory by S. E. Sheppard, 
A. P. H. Trivelli, E. P. Wightman, and 
others, and the sensitiveness relations of 
the individual grains of photographic 
emulsions were soon worked out. As an 
explanation of the facts found, Svedberg 
suggested that the sensitivity is concen- 
trated in certain specks on the surface of 
the grains, and Clark and Toy of the 
British Research Association considered 
that these specks must be composed of 
some material alien to silver bromide. 
The nature of the specks has been eluci- 
dated as a result of the work by Shep- 
pard on gelatin. Sheppard and Punnett 
had found that in gelatin there is pres- 
ent some material which, when added to 
an emulsion during manufacture, would 
enhance the sensitivity, and this material 
was found to be dissolved out during the 
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PIG. 3. INCREASE OF y WITH TIME OP DEVELOPMENT. 


acid wash which follows the liming of 
the raw materials used in the manufac- 
ture of photographic gelatin. Sheppard 
concentrated the material from the acid 
wash liquors and after a great deal of 
work identified it as allyl mustard oil. 
He showed that this, after being trans- 
formed into allyl thiocarbamide, reacts 
with silver bromide and forms a crystal- 
line addition product which breaks down 
to give silver sulfide. The special sen- 
sitiveness of the silver bromide crystals 
occurring in high speed emulsions can 
therefore be ascribed to the presence on 
their surface of ultra-microscopic specks 
of silver sulfide. This suggestion, ad- 
vanced in 1925, has met successfully the 
criticism directed against it and the 
theory is now generally accepted. 

Throughout the history of photog- 
raphy there has been much controversy 
as to the nature of the material produced 
from light-sensitive materials by expos- 
ure to light which permits their subse- 
quent development. The exposed ma- 
terial is generally said to contain a 
‘‘latent image, and there has been much 
speculation as to the nature of this latent 
image. Some thirty years ago there were 
two rival theories oi;i this subject, one 


school holding that the latent image con- 
sisted of a sub-halide of silver and the 
other that it consisted of metallic silver. 
There were various other suggestions, 
such as that the latent image represented 
merely a physical strain of some kind in 
the silver halide and not a definite chem- 
ical compound. At the present time, 
however, almost all photographic work- 
ers arc agreed that the latent image is 
composed of metallic silver, which in 
development acts as a nucleus for the 
deposition of further silver produced by 
the reduction of the silver halide by the 
developer. A theory of the mechanism 
of exposure therefore has to account for 
the reduction of silver halide or silver 
sulfid(* or both to metallic silver at the 
points on a silver halide crystal where 
specks of silver sulfide occur. A num- 
ber of hypotheses have been offered to 
elucidate this mechanism, among which 
should be mentioned the concentration 
speck theory of Sheppard, Trivelli and 
Wightman, according to which the en- 
ergy falling on the whole crystal is con- 
centrated at a boundary between the sil- 
ver sulfide specks and the silver bromide 
and there effects liberation of metallic 
silver by the release of bromine atoms. 
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Recently Toy and Trivelli have called 
attention to the importance of the photo- 
conductivity effect; that is, the increase 
of the conductivity of silver halide when 
exposed to light, which, linked with the 
production of photopotential under the 
influence of light, may possibly develop 
a complete mechanism for the exposure 
of the photographic material. 

The photoelectric phenomena associ- 
ated with exposure are also being studied 
by the use of layers of silver halide on 
silver plates free from gelatin. These 
when exposed to light produce a potential 
first in one direction and then in the op- 
posite, the explanation offered being that 
the first potential corresponds to the re- 
lease of electrons from the silver bromide 
which reach the silver plate and charge 
it negatively, these being followed by the 
slower moving bromine atoms which are 
positively charged. 

Turning from exposure to develop- 
ment, the idea that the latent image acts 
as a nucleus for development has for 
many years been accepted as the basis 
for theories of photographic develop- 
ment, and the development reaction itself 
can be dealt with as a problem in chem- 
ical dynamics, it being treated as a 
heterogeneous reaction involving the so- 
lution, reduction and deposition of the 
solid silver bromide by the developer. 

The chemical reactions which the de- 
veloper itself undergoes are very com- 
plicated in the case of the organic de- 
velopers. A very simple development 
reaction is that which occurs with the 
ferrous oxalate developer, and this may 
perhaps be taken as the prototype 
for photographic development. Ferrous 
oxalate, which is insoluble in water, dis- 
solves in potassium oxalate to form a red 
solution of potassium ferro-oxalate. This 
reacts with silver bromide, reducing it 
to metallic silver, and produces potas- 
sium ferri-oxalate and potassium bro- 
mide. The reaction can be represented 
by the following equation: 


£I|Fe(C304)i 4- K,C,04 + 

AgBr ^ K|Fe(C* 04 )g + KBr + Ag. 

If the developed image is treated with 
a solution of potassium ferri-oxalate and 
potassium bromide, the silver bromide is 
reformed and this is therefore a simple 
reversible reaction. 

When we deal with organic reducing 
compounds, the development reaction is 
very much complicated because these 
compounds will not reduce silver bro- 
mide when alone in solution, and their 
oxidation products react with the other 
necessary components of the solution. 
Thus, in one of the simplest cases, the 
oxidation product of hydroquinone, 
quinone, will react even with alkali, 
which must be present in order to permit 
hydroquinone to develop at all, while in 
the usual developer, containing both al- 
kali and sulfite, the reactions are very 
complicated, the hydroquinone being 
eventually removed from activity by 
its transformation into hydroquinone 
sulfonates. In the case of the other de- 
veloping agents — pyrogallol, paramino- 
phenol, and its substituted derivatives — 
the chemistry of the reaction and the 
end products are not known at all. 

The velocity of development is usually 
followed in photographic work as an in- 
crease of the H and D development fac- 
tor y; that is, the slope of the straight 
line portion of the characteristic curve. 
This increases rapidly at first and then 
more slowly until it reaches a limit, 
which is known as ‘‘yoo corresponding 
of course to a limit of density which can 
be developed for a single exposure, Doo. 
The relation between y and time of de- 
velopment is an exponential one and 
can be represented approximately by 
the usual equation of the first order, so 
that the progress of development can be 
stated in terms of two factors: 

Yt = Y«> 

Y 00 the limit to which development can be 
carried, and K, the velocity constant of 
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FIG, 4. CYCLE OF TONE REPEODTJCTION. 


development. Thus with the practical this can conveniently be treated as the 
developers used, this simple equation physical brightness modified and inter- 
does not hold perfectly and various preted by the eye and brain, and since 
closer approximations are employed to it can be shown that throughout a wide 
represent the facts with the organic range the apparent brightness is propor- 
developing agents. tional to the physical brightness, it is 

Turning to the study of the final usually sufficient in photography for 
image produced as a representation of tone reproduction to deal with the phys- 
natural objects, when a photograph of ical luiics in the original and the repro- 
a natural object is made, the form can duction. 

be represented only by differences in The cycle involved in tone reproduc- 
brightness. The accuracy with which tion is illustrated in Fig. 4. In the 
the form is represented depends upon right top corner, the object, in the 
the precision with which the tones of form of a cross, is supposed to be illu- 
the original subject are reproduced, and minated by sunlight and is viewed by 
this subject, generally known as ‘‘the an eye the image in which is conveyed 
theory of tone reproduction,’’ is funda- to the brain and there produces a sub- 
mental to every photographic applica- jeetive impression corresponding to the 
tion. Psychologically, it is the apparent objective image on the retina. An image 
brightness which is of importance, but of the object is projected by means of 
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FIG. 6. CHABACTERISTIC CURVE OP A PHOTOGRAPHIC PRINTING PAPER. 


a lens on to the sensitive material which, 
after chemical treatment, gives a silver 
image (a negative), corresponding to 
the various degrees of brightness in the 
original object. This negative is then 
printed upon the positive material, 
which, after similar treatment, gives a 
positive which is viewed usually at a 
brightness level different from that by 
which the original object was viewed 
and produces again a subjective im- 
pression. The whole cycle of tone re- 
production is expressed by the relation 
of the subjective impression produced by 
the positive print to the subjective im- 
pression produced by the original ob- 
ject, but in practice it is sufficient to 
compare the objective print with the 
objective original. 

The brightness differences which occur 
in nature may be due to differences in 
either the reflecting power of the various 
portions of the subject or the illumina- 
tion. Since in natural scenes both the 
reflecting power and the illumination 
vary — some parts of a landscape con- 
sisting of clouds in sunlight and others 
of dark rocks in the shade — ^the range 
of contrast is often very considerable. 
For photographic purposes a scale or 
contrast of 1 to 4, in which the brightest 
thing is only four times as bright as the 


darkest, is very low, and such a subject 
would be called flat; a contrast of 1 to 
10 is a medium soft contrast ; 1 to 20, a 
strong contrast; 1 to 40, very strong; 
and 1 to 100 an extreme degree of con- 
trast. All these degrees of contrast, for 
instance, occur in landscapes, street, and 
seashore scenes. (See pages 418, 419^ 
420.) 

When an image of a natural object is 
produced in a camera, the relative bright- 
nesses of the various tones will not be the 
same as those which were observed by 
the eye because the light in traveling 
from the object to the sensitive material 
in the camera will have suffered a cer- 
tain degree of scattering which will 
affect the distribution of brightness 
among the various tones of the image. 
There may be some scattering in the air, 
and there will certainly be a good deal 
of diffuse light produced by the lens 
system. This will tend to lower the con- 
trast in the image as compared with that 
of the original. 

In the making of the negative, the 
reproduction of tone will depend upon 
the characteristic curve of the photo- 
graphic material, as shown in Pig. 2. 
If the exposure is so arranged that all 
the tones of the original subject fall on 
the straight line portion of this curve, 
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the inverse reproduction in the negative 
will be proportional, and if, in addition 
to this, development is so arranged that 
the negative has a Yi that is, slope of the 
straight line, of unity, then the repro- 
duction will be correct. In the print 
also, it is necessary that y should be 
unity, or, if the y of the printing mate- 
rial is not unity, it is necessary that the 
Y of the negative should be modified 
suitably, so that y^.g. x ypo,. = /• 

The last step in the making of a photo- 
graph is the printing of the negative, 
and where the print is to be viewed by 
reflected light it is this step which intro- 
duces the largest amount of distortion 
in the reproduction of the tones. As 
is seen in Fig. 6 the straight line portion 
of a paper curve is usually short, and it 
is necessary in printing, moreover, to 
utilize at least the under-exposure por- 
tion of the paper curve. In making a 
paper print, therefore, the tone values 
are always distorted to some extent, es- 
pecially those in the highlights corre- 
sponding to the under-exposure portion 
of the paper curve, only the portion of 
the picture falling on the straight line 
portion of the characteristic curve of the 
paper being correctly rendered. 

The computation of the tone repro- 
duction in any photographic operation 
is of great importance, especially in the 
applications of photography, such as 
processes of color photography or the 
reproduction of sound. This computa- 
tion can be performed by means of 
graphic diagrams incorporating the 
characteristic curves of the negative 
and positive materials, and It is possible 
therefore to follow the whole process of 
the reproduction of tone in photography 
from the brightnesses of the original ob- 
ject to the distribution of light and 
shade in the finished print. 

In scientific work the physical nature 
of the developed photographic image is 
often of considerable importance. As 
has been explained, the image is granu- 


lar in structure, and its sharpness de- 
pends upon the structure both of the 
developed image and also of the sensi- 
tive emulsion. The sharpness of the 
image may be expressed as the ‘^density 
gradient at the edge.’’ Suppose that a 
sharp knife edge be placed upon the 
emulsion and a collimated beam of light 
be allowed to fall normally upon the 
emulsion surface. Then after develop- 
ment the density at various distances 
from the edge may be measured with a 
microphotometer. If the density be 
then plotted as a function of the dis- 
tance into the geometric shadow of the 
edge, the resultant curve may be termed 
the ‘‘sharpness curve,” the sharpness 
being the angle of the straight line por- 
tion of this curve. Two functions of the 
emulsion influence the form of this 
curve : one is the spreading of light into 
the emulsion, which depends upon the 
reflection and refraction by the crystals 
of silver halide and on their absorption 
of the light ; the amount of this spread- 
ing can be computed. This effect is 
known as the ‘‘turbidity” of the emul- 
sion, and it is measured by the increase 
in the width of an image of a slit. The 
increase of the width of such a slit is 
proportional to the logarithm of the 
exposure, and the constant of propor- 
tionality, termed by Boss the “astro- 
gamma,” is a measure of the turbidity. 
The other factor in sharpness is the de- 
velopment factor; that is, the slope of 
the characteristic curve, but the develop- 
meiM factor at the edge of an image is 
not identical with that for a large area 
owing to the great variation in the de- 
velopment reaction in such a case over 
very short distances. Since the tur- 
bidity and absorption of an emulsion 
vary with the wave-length, the sharp- 
ness curve also varies with the wave- 
length. 

Since the developed photographic im- 
age has a grain structure, it follows that 
under magnification any image must ap- 
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pear broken np to an extent depending 
on the size and arrangement of the 
grains. There are three phases in the 
inhomogeneity of a photographic de- 
posit: (1) graininess due to the exis- 
tence of the individual particles of 
silver; (2) graininess due to clumping 
of these particles and (3) graininess due 
to the agglomeration of the clumps. It 
should be understood that these phases 
are not separated by any distinct line of 
demarcation but merge by impercept- 
ible gradations into each other. The 
impression of graininess is the result not 
only of the size of the grains of which 
the deposit is composed but also of their 
distribution and arrangement in group- 
ings of various kinds. 

The graininess may be measured and 
specified numerically, the method used 
depending upon the assumption that the 
graininess of a deposit is directly pro- 
portional to the distance at which the 
appearance of graininess becomes just 


imperceptible, provided that all other 
factors upon which depends the ability 
of the eye to distinguish homogeneity 
are constant. In order to avoid errors 
due to differences in the criterion, the 
distance at which the graininess to be 
measured disappears is compared with 
the distance at which structures of 
known periods disappear. Cross-line 
screens are chosen as the fixed structures 
with which the graininess is to be com- 
pared, so that a given graininess may 
be expressed by saying that it is equiva- 
lent to a screen of 3,000 lines to an inch, 
it being implied by this that a 3,000 line 
to the inch screen and the graininess in 
question would both just become visible 
at the same magnification. 

The resolving power of a photographic 
material is a complex matter dependent 
on the sharpness and on the graininess, 
and as would be expected, the resolving 
power is not a fiLxed constant for a pho- 
tographic material but is dependent 
both on exposure and on development, a 
range of resolving powers from 40 to 80 
being sometimes obtainable by modifica- 
tion of development and exposure, which 
affect all three factors: the penetration 
of the light, the development factor, and 
the graininess, which enter into the de- 
termination of resolving power. 

The resolving power is best deter- 
mined practically by photographing 
narrow lines close together and observ- 
ing the closeness of the lines which can 
just be resolved. Laboratory tests of 
photographic resolving power, however, 
can not be applied directly without cor- 
rection to physical measurements. In 
laboratory tests the contrast between 
light and shade in the detail is very high 
and the optical system is arranged to 
enable this high contrast to be obtained. 
In astronomical work the contrasts in 
fine detail are not nearly so great, and 
very often the resolving power ot the 
optical system, including the atmos- 
phere, is of the same order as that of 
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till' f)h(>l()^rM|)]n(* riuler 

conditions tlic resolving powei* of the 
inaterifd is ^rentl\ diininislied because 
of tlie lo\N contrast of tin* ob.)(‘ct photo- 
<’raplu‘d In sjx'ctroscojiy the theond- 
leal n‘solving pouiu's an* more lik(*ly to 
he apiilicahle foi* bright line emission 
spectra, hut in ahsorptimi s])ectra and to 
some e\t(‘nt in (‘mission sp(‘etra tlu* n*- 
solving po\\(*r must Ix' im‘asur(‘d for tin* 
(*\j)eriim*ntal conditions ohlainmg Tin* 
r(*solving ])o\\er is of course* depend(*nt 
on the wa\ e-I(*njitli 

The light -sensitive* eomjiounds of siUer 
are* s(*nsitiv(* primaril\ to radiation ot* 
^^ave*-l(*ngths l(‘ss than oOOiiip, and tlieir 
sensitiven(*ss to the* ]onge‘r wave-le‘ngths 
of tlie spe*etruin is (*\c(‘e*dingly slight 
As (*arly as 1M7I3, however, it was elis- 
cover(*d by N'ogel that s(*nsitivity to 
longer wave-lenjiths could be e*onferre*d 
by the treat me*nt of the emulsion with 
ce*rtain dye*s Since* that time the* use 
of elN e*s for sensitizing ])lie)togra])hic 
niate*rials lias extended very givatly, se> 
tliat a large* jiroportion of all plioto- 
graplis are* tak(*n upon niate*rials wliicli 
are se*nsitive in some* degre*e* to the whole* 
of the visible spectrum, the use* eif “])fin- 
(*hroinatie*'’ film, as it is te*rme*d, being 
almost nni\e*rsa] in the* mot lon-jnctiire* 
industrv 

Ibitil re‘centl\, the* so-e-alleel ‘‘ortho- 
chroinatic’’ mate*rials were* se‘nsitize»el 
on1> for the ye*llow -jj I’een re'gion e»f the* 


spe*clrum, in aelelilion to lli(*ir normal 
se'usitiveimss tor the shorte*!* wave- 
lengths, obtaine‘el b,N the aelelition eif 
(‘iwthrosine to the* (‘imilsion The intro- 
duction of the* pol\ met hine* dive's has 
made* it ])ossible* witJiout difficulty to 
pre‘pare‘ mate‘rials se'iisitive* to the* whole 
of the visible* spee'trum, their sensitive- 
ness to re*d and gre*e*n be*ing on/// slufhfh/ 
mfe'rior to the se‘nsitive‘ness to the* blue*- 
vie>le*t Since tin* (*ye* is ve*ry ins(*nsitive* 
to the blue-violet in eoniparison wutli its 
se*nsitivity for the* green and orange*, in 
orele*!* to get eirt hoch roinat ic reproelue- 
tioii it IS necessary tei use* a \ellow^ filte*r 
to diiiiinisli Die amount of the* him* light 
forming the image, and in this way eol- 
e)re*el obje*e‘ts ma.\ be re*produce*d so that 
the* ivlative* inte‘nsitu*s are* directly eorn- 
jiarable* AMth those* see*n by tlu* eye* 

The* xory Injih s(*nsitiAmie*ss now' avail- 
able throughout the spe*ctrum eliniinate's 
any difHcult\ in making photogra])hs b,A 
se*le‘cte^d liglit c()i're‘sponeling to any spe*e- 
tral iTgion, and a large numbe*r of light 
(ilte*rs are* e*mf)loyed for this ])nrj)ose* in 
fihototri’aphic A\ork In color jihotog- 
rapliA and in s])e*cial work, such as pfio- 
tograpliA fre)ni the* air, it is epiite* fe*a- 
sible* to take e*\posuics of \e*r\ sliort 
duration In nie*ans of re*el or gre*eu lij?ht, 
and the jihotography of sp(*elra, e*A'e*n of 
st<*llar spee'ti’a, throughout the visible 
sj)e*ctriim pre‘se*nts no ditticultie*s 

Tlu're* tire* a fe*w' dyes w liose* absoi pi ion 
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TiANDSCAPE PIlOTOORAPHEi) PY BLUE LIGHT. 


bands and sonsitizing powor lie in the 
extreme r(*d or even in the infra-red be- 
yond the visible spectrum. Krypto- 
eynnine, a dye discovered by Adams and 
Haller, in lIHf), enables photography to 
be done without difficulty in the spectral 
region between 700 and 800 nip, and 
very int(‘n‘.sting photographs have been 
made by its use. In landscapes photo- 
graphed by light of this wave-length, 
for instance, the blue sky appears almost 
black, since very little radiation of this 
wave-length is scattered by the sky, and 
the high reflecting powiT of chlorophyll 
in this region makes foliage appear 
white. Thcs(» phenomena were pointed 
out by R. W. Wood more than twenty- 
five years ago W. II. Wright and 
others have used kryptocyanine in their 
studies of the surface of the planets, and 
A. W. Stevens, while on an expedition 
for the National Geographic Society, has 
succeeded in making aerial photographs 


with an exposure as short as 1/50 of a 
second from very high levels ; he obtained 
a satisfactory photograph of the peaks of 
the Andes range at a distance of over 
300 miles, the penetration of tlie atmos- 
phere by light being proportional to the 
fourth jiower of the wave-length and 
therefore very great for the extreme red. 

For the infra-red beyond 800 mp, 
which IS of great interest to spectro- 
seopists, neocyanine, a dye obtained 
originally as a by-product in the syn- 
thesis of kry])tocyanine, has })roved very 
valuable, its normal spectral sensitive- 
ness extending to 900 rnp, while by 
hypersensitizing and the use of long 
(‘xposures, the infra-red line of mercury 
at 1014 mp may be photographed with- 
out difficulty. Using tliis dye, Babcock 
has pushed the photography of the solar 
spectrum to 1163 mp. The extension 
which has been achieved in the photog- 
raphy of the .spectrum is illustrated in 
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LANDSCAPE PHOTOGPAPllKD BY INFHA RED LlGirr TTSING A KRYPTO- 

CYANINE PLATE. 


tin* Now work in tins field is 

procoodiiig* oojitiniially but is slow and 
difficult. 

Tlie measurement of the color seiisi- 
tiveno.ss of photo[?raphie materials can 
be accomplished either sensitometrically 
or by means of a spectro<^raph. A sim- 
ple grating speetroj^raph using a tung- 
sten lamp as the source and a wave- 
length scale held in front of the plate 
so that it is impressed upon it at the time 
of photograi)hing a spectrum is all that 
is required, but it is convenient to have 
a sector or a neutral tinted wedge in 
front of the slit by means of which a 
curve of the sensitiveness of the mate- 
rial is drawn automatically so that the 
l)()sition of the sensitive bands ^'an be 
seen at a glance. For quantitative mea- 
surements a more convenient method of 
determining the sensitiv(*n(»ss is to give 
a graduated series of exposure through 
color filters transmitting known regions 


of tlie S]>eetrnm For this purpose ex- 
po.sures are usually made through the 
standard set of tricolor filters used for 
color photography, each of tlu*m Irans- 
nutting approximately one third of the 
visible spectrum, their colors being 
orang(*-red, gr(‘en and blue-violet. The 
characteristic curves obtained through 
these filters are usually of slightly dif- 
ferent shapes and are rarely strictly 
parallel to oih» another, so that the 
sensitoiiietric characteristics of a photo- 
gra})hic material are dependent upon the 
wave-length of the radiation producing 
an image. No general principles can be 
laid down as to the variation of grada- 
tion with wave-length, the effect depend- 
ing upon the particular emulsion and 
sensitizing dyes which have beiui em- 
ployed. 

One of the most important applica- 
tions of photography in science is to 
photometry, and no account of Iho ,sei- 
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ence of photography uouJd be complete 
without some mention of the photo- 
graphic methods of photometry. 

These methods can be divided into two 
classes; (1) those dependent on the in- 
crease in size of an image with increas- 
ing intensity or exposure time; (2) those 
dependent upon the increase of the den- 
sity produced in an an^a of some size. 
The first method is that used by astrono- 
mers in what is known as the ‘‘focal 
method of tlie pliotometry of stars/ ^ the 
diameter of the star image being mea- 
sured. 

When an artificial star is photo- 
graphed in the laboratory with a series 
of increasing exposures, it is found that 
the relation between the diameter of the 
image d and the exposure is of the form 
d- a log A’, 

this formula applying with considerable 


accuracy througli a range of ex})osures 
of one to several hundred. Over the 
very wide range of intensities used in 
stellar magnitude determinations, how- 
ever, the astronomers have preferred to 
use th(‘ formula 

\ dT a \ b log I 

which fits the measurements better for 
greater diameters of the image, thougli 
for imag(‘s of the smallest diameters it 
does not fit so well as the first formula. 
The value of the const^ints a and h is 
determined on plates exposed to stars of 
known magnitudes, the unknown stars 
being interpolated upon the curve. This 
method of photometry, which depends 
upon th(‘ diameter of the image, is very 
valuable in astronomy but of little use 
in other branches of physics, its appli- 
cation evem in spectroscopy being pre- 
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vt'uted by tho varyinj:^ width and sharp- 
ness of spectral lines. 

For most i;)hysiea] purpose's it is neces- 
sary to use me'asiireimmts dcpendin«: 
upon the density of the* iinafre produced, 
tliese dt'iisities boinjr then interpolated 
on a scale* e)f densitie's ])re)eluceMl by 
kne)wn e\pe)snres. It is e>bvions that 
llie accuracy eif j)he)te)nie*tric measure- 
ments maele* in this way will de])(»n<l 
upon tile* i)re)elue*tiejn eif the scale* e>i‘ 
deiisitie‘s by kneiwn exposures under ceui- 
elitie)ns whicli are* e*\ae*tly the same* as 
tliejse unde*!* whicli the ele‘iisities tee lee* 
me*asured are* produced. We* must elim- 
inate (1 ) \ariatiems eiwinjr te> the* mate- 
I'lal , 1 , irre{jfularitie*s in sensitive»m‘ss, 

tliickne'ss e)f coatinj?, cte*. ; (2) varia- 

tieins eeSNinji: to the* treatment, le, dif- 
fere*nce*s in develeipine? tlie inte*nsity scale 
aiul the* ete'usities to be measur(*d , (It) 
xariatieins in the* intensity or time of 


expeisure eif the two scale's (it is not 
justifiable to assume that time* and in- 
tensity, the* two eompeinents eif e*xposure, 
are re*cipre)cally eepiivalemt) ; (4) vana- 
tieins eiwiiifj: tei the quality of the li^ht. 
The scale must be* made by lij^ht e)f the 
same w’ave*-l(»n"th as that which pro- 
el u<*ed the expeisures to be me*asured. 
J'roviele'el that these pre*cautions are 
take'll, the* methoels eif photo<?raphie 
pheitemu'try are capable* of j^iving re^- 
siilts e>f ve*ry satisfactory acciu’ae*y while* 
tin* e*e>nv<'nience* e)f the metheid is un- 
ejne*stie>nable* 

The* applicatieui of phe)te)»:raphic medh- 
e)ds in scie*ntific rese'arch will undoubt- 
e*elly e'ontnuie te) incre*ase* and will be eit* 
* 2 :re*ate*r value if at the* same time a 
kne>wle*el^e e>f the science eif pheitoj^raphy 
be‘e‘e)me*s nmre* widely dilfuse'el, since only 
by that kiK)W’ledt?e can photographic 
me'thoels be most eflfici(*ntl} applied 



MORE SPIDER HUNTERS 

ACCOUNTS OF ARACHNIDS WHICH ATTACK AND DEVOUR 
VERTEBRATES OTHER THAN FISHES 

By Dr. E. W. CUDCER 

VMI UK \\ Ml SH M OK NATI HAL TIISTOKS 


InTUODUI TION 

In other articl(‘s (Xatural lltston/, 
11)22, Vol. 22, i\(). (I and 11)25, V^ol. 25, 
No 3) 1 have reproduced witli figures 
accounts of spidiu-s whicli have sought 
out, attacked, killetl and ofttimea eaten 
fishes, tadi)oles and fro^s, lizards and 
snakes, birds of various kinds, ami, 
amoiif? manimals, bats and mice. Hav- 
ing lately gone into the literature ean*- 
fully, I have found a large number of 
additional accounts. Those for tlu‘ 
fishes liave been set out in a paper re- 
cently published (Xatural Ilisiory, 
11)31, Vol, 31, x\o. 1), and now herein 
are collected additional and more volu- 
minous data showing how spiders prey 
on all the vert(*brates comprised in the 
groups from ampliibians to and includ- 
ing mammals. Tliesc accounts definitely 
establish the fact that spiders, instead 
of feeding solely on insects, as tliey are 
supposed to do, also devour and, as is 
the ease of soim* spiders, even pnd’er ver- 
tebrates as food. 

Spiders Which Catch Amphibians — 
TADPOTiEs, Salamanders, Frogs, 

AND Toads 

In the first of my articles, there was 
given a quotation from a note on the 
fishing spider in the Argentine from 
the well-known naturalist, Carlos Berg. 
This article was also published in Span- 
ish under the title “Una Araiia Pesea- 
dora’* in the Analea Soriedad Cientifica 
Argentina (Buenos Ayres, 1883, Vol. 
15, p. 245). This spider, Ihaponiia 
kochii (a Lycosid), builds a funnel- 
shaped net in the water. When tad- 
poles enter the mouth of this, the spider 


drives them in farther, when* it first 
kills nml then eats them at its leisure 
That spid(*rs Mill attack salaman(h*rs 
is inferred from an ob.servation by () E. 
EifTe (Zaohapschrr Bfobarhtfr, IDOD, 
Vol. 50, p 152). He had k(*pt in an 
aijuarmm two axolotls which had de- 
vel<q)cd from 50 mm (2 inch) larvai* to 
the adult larval form One da\ his 
sous placed in this aipianuiu. without 
his know h‘dgi‘. two water s])idi‘rs (.Ir- 
garauvta uffuatira) Later hi* noticed 
OIK* of the axolotls swimming around 
wildly in convulsions Examination 
showed no visihh* hurt of any kind The 
spiders wen* removed, but tlu' salaman- 
der was paralyz(*d, jiresumably by tin* 
venom of the spider, and later died 
TTn fortunately tin* sjiiders were not st*(‘ji 
actually attacking the salainandei*, nor 
was experiment made to sei* if they 
would eat it. 

One other iniblished account must be 
quoted since it emanates from the sta- 
tion at Butantan, Brazil, where tlie cele- 
brated snaki* toxicologist. Dr Vital 
Brazil, and his assistant. Dr. J. Vellard, 
have made experiments. A iircliininary 
abstract appeared (in Portuguese) iii 
Brazd-Medivo in 1925 (Vol 39, part 2, 
pp. 47-51). The full paper appeared in 
the Memoruis do Instiiulo de Butantan 
for 1925 (Vol. 11) and 1920 (Vol. HI). 
In the later volume under tlie licading 
‘‘ Alimenta^ao^’ is found the data now 
to be set forth In translating the Por- 
tuguese, invaluable helii has been had 
from an abstract of this in English by 
Dr. Alfranio do Amaral wiiich has been 
published by the araehnologist J. H. 
Emerton in Psyche for 1925 (V^ol 39, 
p. 60). 
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Tlio spulor pxi)eninojitod Avitli is 
(i mm most old aciroii Poc'ock, a hii^r 
niejnber of the family Atucuiariiduf, the 
male of wliieli is hO mm (nearly 2\ 
inelu's) lon^’ \Nith lejjcs nearly 3 mehes 
lon^ A speeimi'ii kept in eonfinemont 
st(‘a(lily refused tin* inserts olfered it, 
hill poum-ed upon a small fro;^, erushe<l 
it 'with its jaws and fed upon it This 
siiider feeds intermittently. One speei- 
liKMi Mas 4«s Jiours in suekin^ a froj^ (JO 
mm (2.4 inelies) lon^r. KxpiTiimmts 
Mitli otluM* frojis prov(*d that tin* spider 
preferred thmn to inserts 

In addition to tin* aeeounts (pioted, 
Prol'essor .Vlesander ih'trunkeviteh. of 
Vale University, lias told me that in his 
ho\ ho<ul, v^hleh was sp(‘nt <»m tin* st<*])p(*s 
of I'kraine, Russia, he saw' spiders eat 
toads This oeeurred in a elay pit 
du^ down in tin* steppe about eight feet 
dee]) with ])raetieally V(‘rtieai sides 
Toads had fallen into the pit and had 
mined the sides invir tin* bottom w'lth 
hol(*s in whieli they Jived, w'hile spiders 
of the genus Lycosa liv(‘(l in holes at or 
near the mouth of the pit The spiders 
would fr(M|in‘ntly deseend into the pit 
and eatcli and (*at the little toads 

SrinKK TIt’xtkhs of Lizakds 
AND Snakes 

The seeond of my papers quoted 
above (1925) eontains an exact aeeount 
of a spider catching and eating a 
lizard ill 1923. 

This habit was, however, recorded 
long ago by Sir J. Emerson Tennent in 
his fascinating book, “Sk(»tches of the 
Natural Histoiy of Ceylon,’^ etc. (Lon- 
don, 1861, p. 469). In speaking of a 
huge spider indigenous there, he says 
that ‘^a lady who lived at Marandahn, 
near Colombo, told me that she had, on 
one occasion, seen a little house lizard 
{gecko) seized and devoured by one of 
these ugly spiders.’’ 

All these accounts confirm an earlier 
one published in the Joui'rml of the 


Astatic iSortety of Bengal in 1842 (new 
series, Vol. 11, pages 860-861). This 
spider, studi(‘d in India, belonged to the 
genus (raleodcs, w'hose members are all 
very voracious. Captain Thomas Sut- 
ton states that he saw a (hileodes spring 
on and sink its fangs in a lizard behind 
tin* shoulder. Tlie lizard struggled 
Molently, rolling over and over, but tlie 
spider kept its hold until the lizard sue- 
eumlM‘<l. The body of the lizard, 3 
inches long exclusive* of the tail, w^as 
then entir(‘ly devoured “The spider 
remaiiHsl gorged and m(»tionh*ss for 
about a fortnight, b(*ing much swollen 
ami dist<*nd(*d ” 

laitt*!- a larger lizard was gi\en this 
sj)ider which seized it by the middle. 
The lizard, linding that it eould not 
shake off tin* spider, bit tin' lattt‘r on 
the leg, wbieli eans(*d it to l(»t go its 
bold. Tin* lizard then got away and 
i’ortunat(*ly had r(‘e(‘]ved so little ])oison 
that it r(‘eovere(l It may lx* noted ln‘rc 
that tin* spider r(*ferreil to was from 2^ 
to 2J im*li(*s long with a body the size 
of a tlirnsh’s egg. 

Earlier, however, than any of these is 
a stateim*nt by Mor(‘aii de Joiiiies in 
HnUdin de In Sortete Bhilomathiqnc for 
1817 (p. 135) that in the West Indies 
ilien* IS a large spid(‘r, the Myyale art- 
eulaire, which pre^s on lizards of the 
genus AnoUs. This brief account in the 
Bidlettn is presumably an abstract of 
wiiat IS narrated at length in his ‘4lis- 
toire Physique des Antilles Francai.ses 
[Mailmique et Cnadeloupe | (Paris, 
1822) This is the earliest aeeount 
knowm to me of a spider preying on a 
lizard. I regret that I have not been 
able to find the “Histoire” and that I 
am not able to give the full citation. 

In addition to these old ainl some- 
what indefinite aeeounts of spiders 
hunting down lizards, there is now’ this 
recent one from Zolton Szilady in Biida- 
pe.st {Allatani Kozlemenyek, 1922, p. 
42). lie writes of the actions of a very 
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small spider, Linyphia iriavyularis as 
follows: 

T.ast fall at Budafok I watched tho strupjj^le 
of a 5 cm [2 inch"] yoiinjj hzaid, cauj;lit in a 
spider wob stretched in the corner of my win- 
dow. It was held by n few threads only, but 
the little spider worked rapidly and soon spun 
threads around its cxtiomities. Tho gradual 
weakness of the lizard was noticeable in its 
struggling. Before the cobweb was completed, 

I put the spider into alcohol, released the lizard 
and tried to levive it. It mo\ed after I tore 
the threads but died immediately after I was 
not present when the lizard was caught but 
according to the speed of the spider's spinning 
it must haie occurred just before 1 came, so 
that the spider's poison took effect >vithin three 
hours 

Still later (102G) is the staiemetit of 
Brazil and Vellard that their gigantic 
Gramiiiostolas Fed readily on ehamcdiMins 
and small lizards. They specifically 
note that a G. acteon caught a chame- 
leon 350 mm (13.75 inches) long, driv- 
ing its fangs into the buccal region 
and paralyzing it complelidy in three 
minutes, 

Tliese published accounts will now be 
snpphunented by tho following note 
communicated to me in manuscript by 
the distinguished arachiiologist, Dr. 
Alexander Petninkevitch, of Yale Uni- 
versity. He writes that: 

The number of authenticated cases of spiders 
caught 111 tho net of feeding upon vertobrates 
may now' be augmented by the addition of the 
following obsorintion In January, 11126, Mr. 
Garcia of Bio Piedras, Porto Eico, who was at 
the time enrolled as a student in my course in 
Comparative Anatomy of Invertebrates, cap- 
tured an adult female spider of the species 
Heieropoda vcnatoria (Linn.) holding in its 
mouth a small lizard of the genus Anolis. The 
lizard was dead and showed partial decomposi 
tion of its tissues, duo not to decay but to tho 
action of the digestive fluid of the spider. Mr. 
Garcia placed the spider and its prey in a glass 
jar and brought it to the laboratory to show it 
to mo. In confinement the spider droppeil the 
lizard and made no attempt to eat it again. 

This case is interesting because Heieropoda 
vcnatoria, commonly called the huntsman spider, 
foods normally on cockroaches and is for this 
reason tolerated by natives in their homes all 
over the tropic4i. It does not spin any snare, 


but captures its prey by suddenly leaping upon 
it. It is difficult to imagine that the spider 
was so hungry for lack of insects that it 
attacked a lizard, because insects were plentiful 
at the lime in Rio Piedras. The huntsman 
spider is a night rover and hides during the 
day in dark corners of buildings, behind furni- 
ture, under roofs, etc. The chance of its meet 
ing an AiU)hs is therefore very slight. But it 
seems probable that in case of such a meeting 
theie is nothing in the way of preventing the 
huntsman spider from feeding upon the lizard. 

That spiders will attack snakes was 
atte.sted in my 1925 article by two a(‘- 
eoiints quoted. At the time I did not 
know that even in classical times this 
was known and recorded by the an- 
cients But so it was, for Pliny in his 
“Natural History.^’ Book X, Chapter 
95, says that . 

The spider, ])()is(*d m its ancI), will throA\ 
itsidf on the head of a serpmit as it lies 
stretched bcm*jjth the shade of the tree, wheie 
it has built and with its bite pieice its brniii, 
.such IS the shock, that the cioatiire will hiss 
from time to time, and then sciz<*d with vertigo, 
coil round and round, while it finds itself unable 
to take fliglit, or so much as to bieak the w'eb 
of the spidei, as it hangs suspended above; tins 
scene only ends with its death 

How accurate Pliny’s account is may 
be seen in the reference next to be set 
out. This is a short article published in 
Xature Magazme for April, 1930. On 
pag(‘ 234, Mr. E. Anderson describes 
how^ a small green snake once fell into 
the web of an orbwoaviu*, Epeiray on 
Ills porch one afternoon. The snake 
threshed about wildly and tore the 
w^eb considerably, but the sticky threads 
held liim fast until “At last it hung 
quietly, S(»curely fastened about liis 
middle, and Avith a few stray meslies 
holding his head and tail.’’ 

The spider, which had been making 
ineffectual dashes at the snake, now 
sallied forth, wrapped the snake’s 
middle in more silk and sunk his fangs 
in its body. Thus aroused, the snake 
struggled violently and would have 
broken away had not the spider re- 
peated her performances of wrapping 
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FUl 1 A SNAKK CATCniT IN A 

siMDKirs \vj-:n 

IllM) IV IWISIBLE THIHADS, 'i HE SNAKE IS 
lilTTl V lU THI SPIDEIi, ^Vm( H Till- N RETREATS 

aiul bilinjj!' Tlio coiilust ^^as kept up 
for about tlin ‘0 liours at tlie end of 
wliiidi tiiue the sn«*ik(* was sheathed in a 
Silken slu’ond for nearly its entire 
lenjiftli, and was nearly dead. The final 
outeoine is tlnis desenbed by tlie writ(*r 

An hour Inter the niiake was appaiently (lca<l, 
.'inrl th(‘ Mpiflei liad l)ej(uii to hoist her prey 
alMHO the w<*l> At supper time we noticed her 
feeding on the Mctiiii. X»'\t morning nothing 
was left )»ut the shrhelled lemains of this large 
feast 

This ('Oiliest is shown in Kig;s. 1 and 2 
made from tlie orijriual photoj^raplis 
wliit'h were kindly loaned me by Mr. 
I?iehard W. AVestwood. ehief of the edi- 
torial staff of Nature Mntjazine, 

In addition to tlie forej?oin", I have 
had the opportunity of ivading the 
manuseripts of two other similar ae- 
eounts of our native sjiiders and snake.s, 
illustrated by photographs and draw- 
ings. Snu‘(* these liave not yet been 
published they can not be quoted herein. 
They serve to indicate, however, that 
this phenomenon is more frequent than 
might be supposed. 

These snakes are merely ordinary 
ones, ‘‘garden varieties^’ so to speak, 
and one does not find it hard to believe 
the accounts of their capture. But 


there are iioav to be set out accounts of 
the killing of so poisonous, active and 
dangerous a snake as tin* rattler. The 
first ac'count is from the pen of Dr. 
Arnoldo Krumni-TTeller, writing from 
ob.scrvations mad(‘ during a resid(Uiee in 
Hie state of (‘oahuila, Mexico Ilis ar- 
ticle “Die Feinde der Ivlapperschlangc'’ 
is jniblished in Kosmos, Stuttgart, Ifild 
(Vol. 7, ]). 4J7). He had b(*en told of 
the enmity b(‘tw('en the snake and a very 
poisonous spid(U\ and one morning Ik* 
had ocular evidence of the actual fact. 

Switoil on my horse [;oid looking over the 
hiiulscapej ... a .spider about 5 meters 
atttjicted my atti'iition by its peeuliar behuMor. 
Tt Avoiild rapidly descend half way to the 
gionml from a blanch to winch it always re- 
turned, thus indicating that the spot where it 
Mould ha\e touch(‘d the ground was not M'holl> 
to its liking Looking caiefully at this spot 1 
noticed a rattlesnake which appeared to be 
sound asleep. At ome the stones 1 had heaid 
came to my mind, and I knew what kind of 
spider 1 Initi before me At last the ereatuie 
seemed to have found a suitable spot on the 
blanch, for suddenly it darted all the way 
down on its thread, bit the snake on tlie head, 
and then climbed as rapidly as before up to the 
blanch. The snake for awhile ri'inained quiet, 
but then became \ery restless, writhing from 
hide to side and lattling with all its miglit 
until it became paralyzed from the quick action 



\ftrt Andeiaon, tOSO \atuie Maqaznu' 

FIG 2 TllF RPTDKB HAS HOISTED 
HER PREY IN THE WEP 

H AVI. NO SECUKEKY ENMESHED THE SNAKE, THE 
BPIDEK IS NOW READY TO FEED ON IT. 
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[ftn Vital Jtia::\l anti ./ Idlatfl, 10^0 
FFG .i. A JIKAZIIAA.N SPIDKH FFKDINd ()\ A SXAKK 

(hnmmostola Unuji mana of .sootiii rn Hkazh. is i)i>\orKi\r} Av IS in< h rattee.sn'akI' . Cioialns 

inti flan's 


of tlu* JKHHOI1 h> flu* spider The 

rattling of tills snake >:rew j^radualJy weaker, 
its mo\emeuts slowei and ni less than a minute 
it was dead. 

The attention of tli(‘ reader is ealled 
just here to the marked similarity in 
the behavior of both sj)id(^r and snake 


to that d(‘seril)ed by Pliny as far baek 
as th(» be^innini^ of the ('hristiau era 
In th(‘ saim* y(*ar (192r)) that my 
artiele was published eitinp: aeeounts of 
spulei* snake-huntiTs, Drs. Vital Brazil 
and J. Vellard published an account of 
their experiments at Butantan ^^ith 



HrasU and Vvllatd, 19316 

FTG. 4. THE FLESH OF A SNAKE IS SLOWLY DISSOLVED AND SUCKED UP BY 

THE SPIDER 

fl. Part of a skki‘ent rejected durino the repast; h. Residie abandoned after the 

REPAST. 
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{ftt\ ftiazil and \iUaid, tifid 
FUi 7 > TIIK GIANT SPIDER, GJiAMMO 
STOLA hOXGlMAXA, OF BRAZIL, 
ONE HALF NATURAL SIZE 
The hody of riiih spider was 05 mm (2 JO 
IX^^^s) LONO wd the stretch of its lfos 
203 MM (8 ixuiiEs). It is one op Tin* 

iiAKOEST SPini-KS IN THE WORLD. TTS FAVORITI* 

food is lizards and swkks. 

spiders and siuikes. Dr Ainorars ab- 
stract in Psyche r(*ads thus about tlie 
Aviculariid spider and a snake. 

Wlion a (Jranimostota and a yoniijf snake are 
put in a cage together, the spider tries to catch 
the snake by the head and will hold on in spite 
of all efforts of tlie snake to shake it off'. 
After a minute oi two the spider’s poison be- 
gins to take effect, and the snake becomes quiet 
Beginning at the head, tho spider crushes the 
snake with its mandibles and feeds upon its 
soft parts, sometimes taking 24 hours or more 
to suck the whole animal, leaving the remains 
in a shapeless mass 

Their figures showing these processes 
are reproduced lierejn. Tho first shows 


the Graminostola attacking a young 
rattlesnake, tin* second rcjiresiuits the 
partly eaten snak<‘ and the inedible 
parts of the snake ^\Iien feeding had 
been finished. 

Brazil and Vellard further say that 
if siiiders are put m a large cage with 
insects and with snakes 10 to 18 inches 
ni length, they will gi‘n(*rally jiay no 
attention to tin* insects. In tin* matter 
of voracity, these authors state, that two 
days afti*r eating a 2]-inch frog, one of 
these spiders ate a small rattlesnake 
terrijicus) , the third day a 
frog, and the n(‘\t day a jararaca snake 
{P>oth)o})s jararaca) al'ti*!* which it went 
into ndirement and fasted for tuo 
weeks while recovering from its orgy. 

Brazil ai.d Vidlard finally slate that 
hy giving to tin* Grammostolas snakes 
and otluT eold-blood(‘d vertebrates 
(frogs and lizards), they were able to 
keep in good health for more than 
eiglitemi months 50 specinunis of tliese 
araelinids not counting a considerable 
number sa(*rifie(‘d from time to time to 
furnish the poisons noeessary for their 
iininy experiments — all of which are set 
out at length in their 1020 paper. 

From a jx'rusal of the data set forth 
hy these seimitists, one must judge that 
in southern Brazil these very abundant 
giant spiders w ith a marked predilection 
for jireying on frogs, lizards and snakes 
must act as an effective eheck on the 
multiplication of these cold-blooded ver- 
tebrates. This idea is empliasized w^hen 
one t'xamines Figs. 3 and 5, in which are 
shown Ora inmost old lo 7 i<fimana, half life 
size. In life, the body proper is 56 mm 
(2 2 inches) long, and the reach of the 
extended front and hind legs is 203 mm 
(8 inches). 

Birds Preyed ox by Spiders 

It is interesting to note that there are 
more references to the catcliing of birds 
by spiders, either by means of their 
webs or by pouncing on them, than 
there are to the catching of any or al- 
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inosl all othor vertebrates by spiders 
This is probably due to the fact that 
birds are ])lentil*ul, are always on the 
wiijj?, and iriay readily dash into tin* 
almost invisible \M‘bs, or that the youii«» 
in their nests arc easily 1‘oiind and at- 
taeked by spid(»rs. 

That there are spiders’ webs so larg:e 
and stronp: as to eateh and securely liold 
birds is amply attest(‘d by numerous 
rerereiiees briefly cited by me in articles 
published in the Bnllvlin of the New 
York Zoolofpral Society for 1918 and 
1924, wherein I described the use of 
such webs for making fishing nets. To 
these might be add(‘(l numerous like .ac- 
counts which have since come to hand. 
It does not seem lU'cessary to multiply 
these, but two accounts will nevertheless 
be referred to since they explain in de- 
tail how the bird is caught and since 
one has an excellent illustration shoAV- 
ing just how the capture is generally 
effected. 

The accom])anying illustration (Fig, 
b) is taken from a note by S. D. Kirk- 
man in the Ncio York State Museum 
Bulletin for 1925 (No. 260, pp. 34-36). 
His very clear explanation is that: 

Tho bird had ovidoatly flo^vn into the web 
whi<di it hud completely demolished in its 
elTorts to escape, hut the strands had adhered 
so firmly to tho tips of the primaries of the 
rijjht wjiig that it was securely held and flut- 
tert*d vainly, tetlu^red to a stalk of Bouncing 
Bet from which it was suspended, not more 
than 18 inches from the ground. Tho gossumer 
threads had coalesced into one stout cable, very 
glutinous with tho combined viscid drops of 
the w»cb, and remarkably strong. 

The bird had dashed into the web, 
where possibly the spider had tried to 
further ensnare it. The bird was com- 
pletely exhausted by its struggles and 
unaided would never have escaped. This 
formation of a cable, it may be noted, is 
just what has been described in almost 
all accounts of birds caught in webs in 
which they struggle violently and twist 
the web into a cord. Moreover, this was 


also found in the case of snakes and 
mammals referred to in my 1925 article. 

A similar state of affairs for a vireo 
found near Bardstowii, Kentucky, is de- 
scribed by V. W. Beckham (77ie Auk, 

1888, Vol. 5, p. 115). So exactly 
similar were the two phenomena, that 
if a vireo wore substituted for the hum- 
imng-bird above, the figure could he 
us<*d to illustrate the second account. 

The distinguished stiuhmt of spidei’s, 
Henry (\ McCook, in Volume T of his 
great work, ‘‘American Spiders and 
Their Spiuningwork” ( Pliiladeljiliia, 

1889, p. 234), fjiiotes tun aeeounts of 
such ba])penings reported to him by 
trustworthy witn(‘sses. In tlie first ease 
a kingstor became accidentally en- 
tangled, but 111 the second the spider 
was soon furthor to onswatli her victim, 



PIG. 0. A TTUMMTNG-BIRD SNARED IN 
A COBWEB 

The bird in its effoht.s to ksc’ape has 

TWISTED THE WEB INTO A STRONG CORD WHICH 
HOLDS IT FAST. THIS IS A COMMON OCCUR- 
RENCE WHEN SMALL BIRDS ARE CAUGHT IN 
WEBS. 
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- Aftei J. O Wood, 192.1 

FIG. 7. TIIK MATOUTOU OR ‘^ORAB RPIDKR’' (MYCALE CANC EJUDES) OP THE 

WEST INDIES 

The sriDFR has carried the youvo hummingbird from the nest and has si:nk its fangs 

IN THE bird’s body 

and >\hoii released tlie poor bird \\as allejjred it ^^as very inueli scouted at. 
dead. It seemed evident that tliis spider Somethinj^ of this may be found in my 
(an Argiopv) purposed to feed on her 1!125 article in which f showed that 
prey. spiders catch and eat birds This much 

liowevm*, most of the bird-catchin*^ debat'd matter was absolutely estab- 
spiders make either no webs or very lished from H W. Bates’ Naturalist 
small ones, but rather hunt for their on the Kiver Amazon” (186.1), but I 
prey and catch it by leaping on it The have since found that his observations 
accounts now to be considered consist w(*re orij^'inally publislied in tin* /ool- 
mainly but not exclusively of these. oijisf for IHof) (ViA. l;3, p. 4800 ) — to 
The general Avorks on the Arachnida Avhieh the intcri'sted reader is referred, 
for the most part contain statements In this article he expresses his belief 
that spiders catch and eat birds. These that spiders living in the sandv campos 
Avill be disregard(*d, however, and cita- around Santarem, Ama/.onas, must feed 
tions will be given only to first hand on birds and on lizards also since there 
accounts. It may be stated, however, is no other food for them, 
that w^hen this phenomenon was first Earlier, however, W. S. MacLeay had 
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desi'ribed in tlio Annals and Magazine 
of Xafnral Jlistory (1842, Vol 8, p. 
324) liow, near Sydney, New South 
WaJes, ho liad seen suspinuh'd in the 
A\eb of an enormous spider, belonging 
to the family Epeiridae, a half-eaten 
fledgling of Zosterops dorsalts. The 
bird had been dead two or three days, 
but when observed the s])ider was in the 
aet of still sueking its juiees, Mae- 
L(‘ay further states that Ids father had 
also previously witnessed another like 
seene. 

Two men have by direct experiment 
long ago proved that spiders will attack 
birds. Thus, as early as 1832, (^aptain 
Thomas Sutton at Mirzapore, India, ex- 
p(»rimented with a huge Galeodcs, Hen* 
IS his account, written as a result of 
reading Mac’Leay’s article just noted 
This he ijublished in the Journal of the 
Bombay Natural History Society in 
1842 (see citation above). 

A young half-grown sparrow was 
placed under a bell glass with a fierce 
Galeodes. The moment the luckless 
bird moved, the spider seized it by the 
thigh. Then it transferred its hold to 
the bird\s throat, and quickly killed it. 
It did not, however, devour any part of 
the bird, seeming to be content witli 
having killed it. Since other bird-catch- 
ing spiders devour their prey, and since 
this genus also eats lizards, it may be 
conjectured that at tJiis time it was not 
hungry. 

In 1857, C. li. Doleschall recorded in 
Natuurkundtg Tijdschrift voor Neder- 
landsch Indie (Deel 12, p. 157) the re- 
sult of an experiment he had tried with 
a giant Javanese spider, My gale java- 
nica. In order to let its poison be full 
in quantity and toxicity, he kept the 
spider in a suitable box for several da 5 ^s 
without food. At the proper time he 
introduced into the box a freshly caught 
rice bird. At once the spider sprang on 
it, embraced it with its feet and sank 
its poison-bearing fangs deep into the 
region of the spinal column. Within 30 


seconds the bird died in a tetanic spasm. 
The spider at once began sucking the 
juices of its prey. 

The old(‘st account for tin* Indian 
region of a bird-catching spider — this 
tune a web-maker~ -elates back at least 
to the beginning of the last century. 
Kobert Percival in his ‘‘Account of the 
Lslarid of Ceylon’’ (2nd ed., London. 
1805) on page 318 speaks of a huge 
sj)ider with legs at least 4 inches long 
which makes webs “strong enough to 
entangle and hold even small birds 
which form its usual prey.“ 

For the East Indian Archipelago, Mr. 
It. I. Pocock of the British Museum 
(Natural History) writes (Annals and 
Magazine of Natural History, 1899, Vol. 
3, p. 83) that “In Borneo Mr. A 
Everett captured a specimen of . . . 
Phorniingocluhis tigrinus in a bird’s 
n(*st w4u*re it had killed the young 
bird.” From this one may judge that 
the s])eciflc name is justly applied to 
this spider. This statement is also 
found in the Journal of the Bombay 
Natural History Society for the follow- 
ing year (1900,^ Vol. 13, p. 121). 

From another part of the world, the 
West Indies, there is another early ac- 
count of spiders preying upon birds. 
Moreau de Jonnes, in the works previ- 
ously cited, says that the giant spider 
of Martinique and (luadeloupe (Aranea 
avicularia of Innne) preys on colihris 
(humming-birds) and on Certhia fla- 
veola (a bird allied to the tree-creepers). 
J. G. Wood in his “Illustrated Natural 
History” (in the edition published by 
Dutton, New Vork, 1023, p. 742) illus- 
trates this habit in a drawing repro- 
duced herein as Fig. 7. This arachnid 
he calls the “crab spider” or “mfl- 
touton^* (Mygalf cancerides). A figure 
similar to this is also reproduced (p. 
49) in Wood’s “Our Living World,” 
Vol. Ill (New York, 1885). 

I have citations to a number of other 
alleged first hand accounts of spiders 
catching and devouring birds, but since 
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— Aftet Ealand, li)2t 

FIG. 8. A BIRD CAUGHT IN THE WEB OF A HUGE MADAGASCAR Sl’IDER 


This spider, Epetra •madagascanensut, spins 

MADE TO UTILIZE IT TOR 

I have not been able to locate the books 
and verify the references, they will not 
be pfiven heroin. I will, however, repro- 
duce for completeness’ sake the fl«i;nre 
(Pij?. 8) found on paj^e 128, of C A. 
Ealand’s ‘^Animal Iiifi^enuity of To- 
day” (London) 1921. Ealand ^ives no 
hint of the source of the pieture, which 
is probably an artist ^s conception of a 
stated fact. 

There is in Madagascar a huge s})ider 
{NviylxUa mndagasran’enfiis) called Hal- 


SUCH STRONG SILK THAT EFFORTS HAVE BEEN 
COMMBR(HAL PURPOSES. 

abe winch constructs large webs of v<*ry 
strong threads. I have looked up a 
number of articles on this spider, but all 
that T have found is that its silk is so 
strong and beautiful that serious efforts 
have been made to collect and utilize it 
for commercial purposes. To this end 
very ingenious mechanical devices have 
been perfected to imprison and draw out 
from a battery of spiders and wind on a 
reel this strong silk. There seems to be 
little doubt that such a w^b as that fig- 
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nml could hold the bird shown. This is 
111 contradiction to a previous ojiinion of 
niin(‘ (1925, p. 271) expressinij: doubt. 

Last of all in this subsection I am 
privileged to quote a first-hand observa- 
tion made by the well-known entomolo- 
gist Dr. J. Beipiaert at Barumbu, Bel- 
gian Congo, on September 2, 1913 He 
writes that : 

Walking in the foient, I noticed a large 
spider web of the uHual orbicular and radiating 
type, but built of very strong, yellow, silky 
threads. A small bird flew into the web, where 
it got entangled and was unable to get free. 
The spider (probably of the genus Nephila)t 
as soon as she saw what had happened, jumped 
on the bird. 

Spidek Hunters of Mammals 

In my second article (1925) referred 
to above I quoted an account of the cap- 
ture of a mouse in a spider’s web. Since 
that time additional accounts have come 
to hand and have been verified. 

Pocock (quoted under the section deal- 
ing wdth birds), in his article on the 
habits, history and species of the giant 
spider Poecilotheria takcui in the Madras 
Presidency of India, says that ‘‘it was, 
when captured, devouring a small rat 
w^hieh presumably it had killed.” This 
a(*couiit is also found in Pocock ’s article 
on ”The Great Indian Spiders” in the 
Journal Bombay Natural History Ho- 
viety, 1900, Vol. 13, p. 121. Pocoek’s 
drawing (Fig. 9) of this beautiful spider 
IS here reproduced. In natural size this 
giant is 00 mm (2 4 inches) long and the 
(‘xtent of its legs is twiee as great (120 
mm, or 4.8 inches). 

That in India another liugc spider 
feeds on another but rather nearly re- 
lated mammal is found in an account 
which goes as far back as 1842. Captain 
Hutton, in the article referred to pre- 
viously, describing the carnivoroms ac- 
tivities of the spider, Oalrodfs (iwrax) 
of Hindustan, says that ‘‘On another 
occasion, my friend Dr. Baddelej^ con- 
fined one of these spiders in a w\all-shade 


with two young muskrats {Sorex indi- 
cu8)y both of which w^ere killed by it.” 
The spider, how^ever, made no effort to 
devour its victims. 

For this same animal, J. G. Wood in 
his “The Living World” (New York, 
1885, Vol. HI, p. 513) quotes a per- 
sonal communication from Lieutenant- 
General J. Hearsey that : 

111 order to aHcertain whether the Galeodts 
would really attack and oat vertebrnted aiii- 
malB, an ordinary-sized opeclineu was raptured 
and placed under a bell glass. A very young 
muskrat was then inserted under the glass, the 
Galeodes being on the opposite side. As the 
creature traversed its transparent prison, it 
came suddenly on the young muskrat, whuh 
was quite a baby and could not open its e>os. 
Without hesitation it sprang on the little aiii- 
inal, killed it, and in a very short time hnd 
eaten it. 

In similar fashion Braun describes in 
the Zoologische Garten for 1882 (Vol. 
82, pp. 376-377) how an exotic Mygale 
of unknowui country caught and fed 



FIG. 9. the hat-eating SPIDER OP 
INDIA, POKCILOTHEBIA REGALIS, 
ONE HALE NATURAL SIZE 
The body lenhth of this spider was 53 mm 
(2.1 INCHES) AND THE STRETCH OP ITS LEGS 
WAS 123 MM (4.8 INCHES). 
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upon mice in the zoological institute of 
the University of WiiTzburg. At inter- 
vals he placed in the cage with the spider 
young mice of two or three weeks old. 
The spider at once seized a mouse with 
its falces, and despite the efforts of the 
mouse to escape quickly killed it. Then 
the feeding process began. The spider 
covered the mouse with her whole body 
and for hours sucked its juices. This 
seemed to continue during the night, for 
by morning all that was left of the mouse 
was a globular mass of bones, teeth, hair, 
etc. — ^the insoluble residue after all the 
juices had been sucked out. This proce- 
dure was repeated a number of times. 

In the 1925 article I described how 
both a snake and a mouse were lifted 
from the floor by a spider — ^the latter 
account was illustrated by a figure. An- 
other like account (and a very recent 
one) has come to hand and is so interest- 
ing that it will be quoted verbatim. Mr. 
Quy Clagget writes thus in Entomologi- 
cal News for 1914 (Vol. 25, p. 230). 

An unuBUol thing . . • occurred at my home 
near Upper MarlborO; Maryland, a few days 
ago. A member of the family was attracted 
by a slight noise and upon investigating found 
under the sideboard a young mouse making 
frantic efforts to free itself from inyisible 
bonds. It resulted that a spider, scarcely larger 
than a black ant, had caught the mouse and 
was performing an engineering feat that was 
truly interesting. This was the task of lifting 
the mouse from the door to the bottom of the 
sideboard, a distance of about eight inches. 
The rodent kicked almost constantly during 
the operation, which lasted a little over three 
hours. The webs were then wiped away and to 
our surprise a second young mouse, dead, and 
completely swathed in web, was found. 


In my second article referred to above, 
E. J. Banfield was quoted that on an 
island off the Australian coast a bat 
entangled in a spider’s web was pounced 
on and killed by the spider. In '^Our 
Living World” (Vol. Ill, New York, 
1885), an edition of J. Q. Woods ” Natu- 
ral History,” revised by J. B. Holder, 
at that time a curator of the American 
Museum, is found another account. The 
spider, whose activities had been studied 
by General J. Hearsay (as noted pre- 
viously in this article), is again referred 
to as follows: 

The same Galeodea was then pitted against a 
little bat, about three or four inches across the 
wings. Though small it was full-grown and 
lively. When placed under tho glass shade, it 
fluttered about, but was speedily arrested by 
the spider, which leaped upon it, proceeded to 
drive its fangs into the neck, and clung so 
tightly that it could not be shaken off. In vain 
did the bat try to beat off the enemy with its 
wings, or to rid itself of the foe by flying in 
the air. Nothing could shake off the Galeodes; 
the long legs clung tightly to the victim, the 
cruel fangs were buried deeper and deeper in 
its flesh, the struggles gradually became weaker, 
until the point of a fang touched a vital spot, 
and the poor bat fell lifeless from the grasp of 
its destroyer. 

B£suh£ 

As a result of the data set forth in 
this article and in the three previous 
ones (1918, 1925 and 1931) by the 
writer, it is shown conclusively that 
among the invertebrate animals, spiders, 
previously held to be insect eaters only, 
catch and feed on vertebrates such as 
fishes, tadpoles, frogs, lizards and snakes, 
birds, and, lastly, mice, muskrats and 
bats among mammals. 



HISTORICAL NOTES ON SALT AND SALT- 
MANUFACTURE 

By Dr. L. G. M. BAAS-BECKINO 

JACQUES LOEB LABOEATOEY, STANEOBD UNIVEESITY 


‘‘Salz und Brot gebet Gott” — salt 
and bread are gifts of the gods and 
belong to the most primitive economic 
goods known to mankind. The drinking 
water, made more or less immortal as an 
economic good by von Bbhm-Bawerk, the 
grains and cattle, pet objects of the his- 
torical economist, and salt may be con- 
sidered to be material bases of human 
society. 

But while our knowledge of water, by 
continuous efforts of chemists and hy- 
gienists, has become increasingly deeper 
and fuller, while we have bred cattle and 
grains with scientific methods for quite 
a while, while we have studied their 
fitness and their value as economic goods 
by eliminating disease, by selection and 
by a study of their environment, our 
knowledge of salt is scant. From 
scores of laboratories information be- 
comes available on our agricultural 
products; our water supplies are con- 
sidered the very hearts of our cities, but 
the manufacture of salt is still, with 
minor modifications, at the same stage 
as it was at the time of the Emperor 
Huang, about 2,500 years before the 
Christian era. 

The technologist might get impatient 
with this state of affairs — if he insists 
that there is a great opportunity here for 
economic improvement he is doubtlessly 
right — ^but to the student this stagnation 
in development has its great charms. 

In studying this archaic salt-making 
process we meet often with things that 
have been the property of mankind for 
thousands of years. We feel as the en- 
cyclopedists did when towards the au- 
tumn of the eighteenth century they 
took stock of the French technology in 


their beautiful “Dictionnaire des arts 
et des metiers.'' While they struck the 
archaic in almost every technique, the 
historical harvest nowadays would be 
meager. It is not fitting to deplore this 
standardization of industry, for it would 
be the same as denouncing our very ex- 
istence in modern society. 

But when after Lavoisier the practical 
man began to employ the scientist as his 
helot, salt manufacture was fortunately 
forgotten. It remained forgotten until 
1849, when for the first and the last time 
Usiglio evaporated sea water at Cette 
near the Mediterranean under uncon- 
trolled conditions with the primitive 
chemical means of his day. Notwith- 
standing all the shortcomings of this 
work it will always remain a classic, as 
it inspired van’t Hoff in his phase rule 
studies on the Stassfurt salt beds, 
gathered in two volumes in 1909 under 
the title ‘‘Zur Bildung der ozeanischen 
Salzablagerungen. ' ' 

In the following paper I shall try to 
emphasize the historical conservatism in 
the salt industry and shall endeavor to 
show that a great many methods used in 
this industry are very old. Special em- 
phasis will be placed on the organisms 
living in salt solutions of high concen- 
trations, their influence on the industry 
and their antiquity. 

I am painfully aware of the very in- 
complete account I have been compelled 
to patch together, and I sincerely hope 
that this paper may entice others to con- 
tribute their information on a most 
interesting topic. 

The existing treatises on salt are, on 
the whole, economic in nature and do 
not give the technological and bacterio- 
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logical information which would make 
these works interesting to the scientist. 

Historical Remarks 

As late as 1665' we find a statement 
that the salt could be separated from the 
sea water by means of a “bladder made 
of wax.’’ 

This “bladder made of wax” was 
probably never tried experimentally be- 
cause it was obviously cited after Aris- 
totle, who, according to modern schol- 
ars,* depended upon an error made by a 
copyist, who substituted (wax) 

for the Wieafiivos (clay) in Democritus’ 
writings !* 

Similar fanciful methods are still re- 
corded in various seventeenth century 
journals. We shall pass, however, from 
alchemy to chemistry and start with the 
fathers of all culture — ^the Chinese. 

The oldest Chinese treatise on pharma- 
cology and pharmacognosy is the Peng- 
Tzao-Kan-Mu, which may be translated 
as the man-plant-classification. In this 
treatise, which dates back, according to 
some authorities, to about 2700 B, C., 
we find in Volume XI, on “Stones,” 
part of Book V devoted to the descrip- 
tion of “20 kinds of salt,” and “27 
additional kinds.” The kind of descrip- 
tions and the style, especially of the 
chapter headings, are analogous to those 
of Dioscorides and Pliny.* In this book 
we find references to solar as well as to 
pit or rock salt (Pig. 1) manufacture. 
One fact is, however, apparent. The 
solur salt is the oldest known in China, 
The subject of the Emperor Huang, 

^ Phil. Trans. f 1: 127 (anonymous). 

* Compare, for instance, E. von Lippmann, 
* * Abhandlungon u. Vortrage zur Goschiclite dor 
Naturwissen.,'' Chapter 11, pp. 98, 99, 162- 
199, 1913. 

* This might be the earliest (though slightly 
warped) reference to ''zeolithe^' action I 

^Compare Chapter 41, Book 31, of Pliny; 
**Tho various properties of salt: one hundred 
and twenty historical remarks relative thereto. ’ ’ 


named Shu-Sha or Sou-cha, invented the 
art of extracting the salt from sea water. 

This must have been prior to 2200 
B. C., for we find that the Emperor Yu, 
of the Ilia dynasty, which flourished 
during that era, levied the first salt-tax 
in the province of Tsing Tau. 

Other processes of salt making in 
China are apparently more modern, for 
Li-piiig, prefect of the province of 
Se-tchuan (300 B. C.), “well versed in 
the arts of stones,” discovered in the 
earth the salt deposits. Exploited by 
means of salt-pits they enriched the in- 
habitants who previously got their salt 
from Chan-Si in exchange for their tea.*^ 

The latter procedure is analogous to 
that employed in the Staffordshire brine- 
pits. 

0 See also le pfere Pierre Hoang, * * Exp084 du 
commerce public du sel, * * Various Stnologtques, 
Number 15, 1898, imprimerie de la Mission 
Catholiqne. 



FIG 1. MANUFACTURE OP LAKE SALT 
BY BOILING. Drawing after a figure in the 
Peng-TzaoKan-Mu. 
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FIG. 2. MANUFACTURE OP SEA SAI.T 
BY BOILING. Drawing after a nauRK in the 
Peng-Tzao-Kan-Mu. 


According to Hoang and to the Peng- 
Tzao two methods were used to extract 
the salt from the sea water. 

1. In the province of Chi-Li ash from 
salt-plants is boiled in a kettle with sea 
water over a fire made of salt-weeds. 
The liquid is evaporated until an egg 
floats. Grains of the lotus, ‘‘che-lien,'' 
are also used. Twenty-four hours of 
boiling is sufficient to ‘‘grain” the salt. 
(See Fig. 2.) 

2. In the province of Yai-cheau the 
following procedure is followed 

An embankment is made and ditches to draw 
clear sea water. It is loft for a long time until 
the color becomes red. If the south wind blows 
with force during summer and autumn the salt 
may grain over night. If the south wind does 
not come all the profits are lost.*^ 

« Literal translation by Mr. T. Hashimoto. 

T Compare this statement with Pliny, Book 31, 
Chapter 41: ‘‘North-easterly winds render the 


The few citations above suffice as a 
starting-point for our considerations, for 
they contain a great number of points of 
general interest. 

Shape op Crystal 

In the first place it is worth while to 
consider the pictograms used by the 
early Chinese.® On Pig. 4, a, the archaic 

formation of salt more abundant, but, while 
south winds prevail, it never increases,” and 
also an anonymous letter to the Philosophical 
(later Royal) Society at London, dated Sep- 
tember 20, 1669, and concerned with the solar 
salt process on the island of Bhd;‘‘ ’Tis ob- 
vious, that tho hottest years make the most 
salt; where yet it is to be noted, that besides 
the heat of the sun, the Winds contribute much 
to it, in regard that less salt is made in Calme, 
than in Windy weather. The Woat-and North- 
west Winds are tho best for this purpose.” 
Neither the recent papers of Tressler (see 
later) nor Peirce mention this factor (G. J. 
Peirce, ‘ ‘ The Behavior of Certain Micro- 
organisma in Brine,” Cam. Inst, of Wash. 
Publ. 193, 3914). 

8 The following information was obtained 
from Mr, Ninomya. 



FIG. 3. SODIUM CHLORIDE 
Hopper-shaped crystals drawn ajteb a tig- 
URS IN the Penq-Tzao-Kan-Mu. 
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Chinese ideogram for salt (lu) is given. 
This undoubtedly represents a schematic 
picture of the so-called hopper-shaped 
crystal of sodium chloride, so conspicu- 
ous in solar salt works® (Fig. 3). Small 
coins in the shape of ‘^salt-grains’* were 
given to Marco Polo in exchange for 
gold.^® 

The Greeks and Romans^' paid only 
cursory attention to the shape of the 
salt crystals, but the Chinese, with their 
innate feeling for stylization, liave in- 
corporated in their script what is prob- 
ably the earliest picture of a crystal 
(compare also Fig. 4, d). We find a 
good description of the hopper-shaped 
crystal of salt in a paper by Robert 
Plot:^* “They (the crystals) were vis- 
ibly made up of a great number of 
small plates, shooting up from a (piad- 
rangular oblong Base into a very obtuse 
Pyramid, hollowed within. ’ ’ 

The original ideogram soon was con- 
ventionalized and elaborated (hlg. 4, b). 
The little flag on the top may represent 
the salt-shovel. The modern character 
(Fig. 4, c) means “Imperial subject 
boiling salt in a pan,” the person in the 
tail-coat being the imperial subject. 
This also refers to the fiscal aspect of 
salt manufacture. Until the recent up- 

® For a description of its formation, see 
Donald K. Tressler, ** Marine Products of Com- 
merce,^' pp. 47-51, Chemical Catalog Co., New 
York, 1923. 

10 Tho relation between salt and money will 
not bo dealt with in this paper; it should be 
mentioned, however, that the “Heller" is not 
the only coin named after salt. Our word 
“salary" means salt-money. See, for these 
and similar aspects of the question, Victor 
Hehn, “Das Salz," Borntraegcr, Berlin, 1891; 
Margarata Merores, Vierttlj. Schr. F. Sozial «. 
Wirtschaftageschxchte, 13: 71-107, 1916; J. O. 
von Buschman, “Das fialz," 2 volumes, Engel- 
mann, Leipzig, 1909. 

11 For instance, Pliny, Book 31, Chapter 39, 
“cube-shaped grains of Cappadocean salt." 

1* The contents of some letters from two 
learned and curious observers in Staffordshire, 
concerning the sand found in the brine of salt 
works of that country, Trans, Soy, Soc., 13: 
96, 1683. 
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FIG. 4. CHABACTERS DEPICTING SALT 

a, Archaic Chinkse. b, Chinese, later. 
c, Chinese, modern, d, Chinese: “to crys- 
tallize." e, Old Egyptian: “mineral." 
f. Old Egyptian ; * * natron ' ' hsmn, g. Middle 
Kingdom: hmzJ, h, Later: hmzy.t, i. Su- 
merian: mu-nu OR num. j, Sumerian: land 
OR EARTH. 





438 


THE SCIENTIFIC MONTHLY 


heavals, China possessed a great hier- 
archy of salt-mandarins. Salt, being a 
necessity obtained in easily controlled 
areas, seemed the earliest fiscal prey.^* 
Wliere the monopoly was confined to 
rock or desert salt, the dominating caste 
(such as the Egyptian priests) made 
active propaganda to discourage the pro- 
duction of sea-salt.'^ 

The old Egyptian pictogram for ‘‘min- 
eral’' is given on Pig. 4, e.'“ 

Sea Salt and Mined Salt 

It will be noted that the Egyptian 
character for salt (Pig. 4, f) actually 
means “a specific mineral,” a thing that 
is already there, that can be harvested 
from the Ouadi Atrun.^® The same pic- 
togram is affixed to the phonetic hiero- 
glyphs on Pigs. 4, g and 4, h. The only 
other character that yielded valuable in- 
formation was the Sumerian mu-nu or 
mun, meaning salt (Pigs. 4, i and 4, j). 
This character means ‘‘earth in a bowl” 
and points again to a terrestrial origin. 
Sea salt manufacture in the Mediter- 
ranean region seems to have originated 
with the Phoenicians. Ancus Martins 
(641“617 ? B. C.) is said to have founded 
the first Koman salterns near Ostia. The 
celebrated solar works at Setubal (the 
old Caetobriga) in Portugal are sup- 
posed to have been founded by Has- 
drubal (third century B. C.).^^ 

See Merores, loc. oit,, on the influence of 
the salt-tax on the economic rise of Venice; 
also V. Buschman, loc. at., passim. 

According to Plutarch, the Egyptian 
priests claimed that sea-salt was filthy and 
unfit for consumption. They called it ‘‘Spume 
of Typhoon.*^ Think also of the French 
“gabelle'^ and its preparatory influence on 
the French Revolution — and Ghandil 

3^5 Information obtained from Dr. Baruch 
Weitzel and Dr. E. A. Speiser, University of 
Pennsylvania, in litierxa, 

16 Herodotus, ‘ ‘ salt of the earth, ' ' i.c., the 

best salt fiom salt marsh. L. B. B. 

17 Infonnation obtained from His Excellency 
Sefior Jaquim Novais at Lisbon, through the 
mediation of the Hon. Samuel T. Lee, U. S. 
Consul-General at Lisbon. 


The remains of the Gartagian salt 
works at Salammbo are well known. The 
salt works at the mouth of the Dnjepr 
were already known to Herodotus (fifth 
century B. C.), and Pliny mentions sea 
salt from various sources. The most fa- 
mous sea salt came from Citium on the 
island of Cyprus. This is the modern 
Lanarka or Scala. The salt works in 
this region, which are filled by seepage 
water through a narrow bar, are well 
described by Bellamy.^® 

The introduction of salt works on the 
Adriatic coast is of a much later date, 
the oldest Venetian Lease dating from 
958 C. E.^® 

An anonymous author®® gives a de- 
scription of a solar-salt plant on the 
island of lihe. Solar salt manufacture 
was introduced into the United States 
about 1830. 

Leaching Method 

Chinese influence pervaded the entire 
Orient. Cox and Juan®^ have given an 
excellent description of the primitive 
‘‘leaching” methods and the evaporation 
method which are strongly reminiscent 
of the procedures mentioned in the Peng- 
Tzao. At the beginning of the Chris- 
tian era, in the Gallic provinces and in 
Germany, it was the practice to pour salt 
water upon burning wood.®® This pro- 
cedure was also mentioned in a Frisian 
deed of 1258 (where burning peat was 
used instead of wood)®® and still pre- 
vails in Transylvania and Moldavia. 
The salt-pit procedure mentioned in the 

18 C. V. Bellamy, ‘ ‘ A Description of the Salt 
Lake of Lanarca,'' Quarterly Jour. Geol. 8oo. 
London, 56: 745, 1900. 

Merores, loc. ctt. 

Trans. Boy. 8oc., 9: 1025, 1669. 

21 ‘ ‘ Salt Industry and Resources of the 
Philippine Islands,*’ Philippine Journal of 
Science, Sect. A, 376-401, 1916. 

22 Pliny, Book XXXI, Chapter 39, last part. 

28 ‘ ' Quicumque f oderit darigum [i.e., ‘ ‘ darg ’ ’ 

or low-moor-peat] unde zel [read sel] per adus- 
tionem efficitur,” Oorkondenboek v. Holland, 
11: 1258. 
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oldest Chinese manuscript and used in 
ancient mines in Spain (Muria) and else- 
where formed the only wa> in which 
English salt was made in the seventeenth 
century. A great many historical data 
on these salt pits are available in the 
earlier issues of the Transactions. The 
Royal Society seemed interested in start- 
ing on a survey of economic resources 
and sent a questionnaire of seven ques- 
tions to various ‘‘briners^^ to ascertain 
the methods of salt manufacture and the 
quality of the product obtained, espe- 
cially as compared with the French salt. 
The results of this survey were a dozen 
papers which are of great interest as 
contemporaneous records. These papers 
form, in a way, the backbone for any 
historical study on salt. We will have 
occasion, therefore, to quote freely from 
them. 

Specific Gravity 

Let us continue to consider the state- 
ments made by the early Chinese. There 
it is said that the density o£ tlie first 
leach product had to be sufficient to 
“float a hen’s egg” or to float a lotus 
seed. Thus we have a primitive aerom- 
eter which, after nearly five thousand 
years, is still used by every farmer who 
salts down pork I It was in use by the 
English briners in the seventeenth cen- 
tury. As I was unable to find in the 
literature the specific gravity of the egg, 
I determined the densities of a dozen 
fresh eggs and found them to lie between 
1.071 and 1.080, average 1.074. This 
would correspond to a brine of lO^-ll 
per cent., dependent, amongst other 
things of course, upon the depth to 
which the egg is submerged. Cox and 
Juan mention another primitive “aerom- 
eter” which is used by the Philippine 
briners ; 

In Bisal, Cavite and Bulacan provinces, it is 
a common practice to pluck twigs of the culase 
(Lumnitaera racemosa Willot), strip them of 
their leaves and throw them into the brine to 
test its strength. If they sink, the brine is not 


yet strong enough, but when they float, the 
brine is sufficiently concentrated to be trans- 
ferred to the crystallizing ponds. 

The density of the “culase” varies be- 
tween 1.070 and 1.096. The average was 
1.085, corresponding to 11.5 per cent, by 
weight of salt. 

An interesting precursor of our pyk- 
nometric method is the attempt of 
W. Jackson in 1669 to determine the 
strength of a brine from his pits at 
Nantwich in Cheshire.*^ 

He filled a bottle with 2 pounds of 
water, and then the same bottle “to the 
same mark” with brine. The increase 
in weight was 3 ounces 5 drams. The 
specific gravity of the brine was, accord- 
ingly, 1001.18/907.18 = 1.105. Assuming 
15^ C., this would correspond to an NaCl 
concentration of 14.2 per cent, by weight, 
or assuming sea salt, 14.9 per cent, by 
weight (Usiglio). Jackson states that 
“this brine yielded a sixth part of salt 
by weight,” which would mean 16.7 per 
cent., but inasmuch as his salt was pre- 
sumably not dry, the determination 
seems to have been quite accurate. 
Quantitative data are very scarce in 
the older literature, the salinity being 
usually expressed as grains per wine 
quart. Pliny*® makes an attempt to 
define a concentrated brine as follows: 

If more than one sextariuB of salt is put into 
four sextarii of water, the liquefying power of 
the water will be overpowered and the salt wiU 
no longer melt. 

R:‘j numbering that the sextarius is a 
volumetric measure and taking the den- 
sity of NaCl as 2.174, Pliny’s statement 
means that less than 54.3 grams of salt 
are soluble in 100 grams of water. Of 
course it will be quite a bit less, because 
of the air spaces in his solid salt. There- 
fore we regard his value as very satis- 
factory when we compare it with the ac- 
tual value of the concentration limit at 

24 Trans, Roy, Soo,, ? 609. 

25 Book 30, Chapter 1 : 34. 
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room temperature, 34.5 grams of salt per 
100 grams of water.*® 

Red Water 

Returning to the Chinese manuscript, 
we find (in the description of the solar 
process) that the sea water is evaporated 
‘'until the color becomes red.’’ It is in- 
teresting to cite, in this connection, D. K. 
Tressler 

As the concentration of the brine approaches 
saturation, the brine worms and algae die and 
the solution becomes pinkish in color, because 
of the growth of certain red and pink bacteria. 
The salt maker takes this change of color as an 
indication that the brine is ready to bo trans- 
ferred to the crystallization ponds. 

The occurrence of organisms in highly 
concentrated solutions always comes as a 
surprise to many, for the preservative 
action of salt was known to the an- 
cients.*® Plutarch*® states that vckvc? yap 
KowpuDv iK/ikrfr6T€poij but that Salt adds 
“soul.” Because of this ancient belief, 
people did not look for organisms in 
salt. Even Sven Hcdin®° says of the 
salt marshes of Nor; ”... the waters 
sterile as a chemical solution.” 

We know now that concentrated brines 
harbor a multitude of organisms, both 
animals and plants. Their numbers are 
great. In a recent enumeration that I 
made, there have been over 30 different 
species mentioned in the literature, most 
of which I have seen. This number is 
exclusive of bacteria, whose numbers are 
comparable to the bacteria inhabiting 
more usual environments. 

Although Dr. Tressler ’s account inter- 
ests us primarily as another illustration 
of the archaic nature of the salt-making 
process, it requires amplification, pri- 

Pliny *8 recipe for artificial sea water is no 
more than a guess (1 part NaCl; 13 parts of 
water by weight, actual value 1; 28). 

‘ ' Marine Products of Commerce, * * p. 44. 

2® Peng-Tzao-Kan-Mu, loo, cit, 

2»Sympo8ion, 1.4.3. 

80 See below. 


marily because it is one of the few state- 
ments in regard to red water that is fun- 
damentally correct. 

The literature on the nature of red 
water, red snow and red rain is vast and 
its discussion would lie outside the scope 
of this paper. 

The recent appearance of papers on 
this subject*^ shows, however, that not 
all points in connection with these phe- 
nomena have been clarified by the older 
authors.®* 

This is particularly the case in the so- 
called reddening of the brines about 
which many opinions have been recently 
expressed. 

The practical brincr or industrial 
chemist will usually ascribe the color 
of the brine to iron hydroxide, although 
other mineral substances were also men- 
tioned to me as the possible cause. 

Teeple®® claimed that the highly col- 
ored brine from Searles’ Lake, Cali- 
fornia, owes its hue to an extract of 
the creosote brush {Larrea mexicana). 
A similar conclusion was reached by 
Lunge, who claimed that the color of 
the Ouadi Atrun brine does not filter 
out. It shows “nothing” under the 
microscope and is “organic substance 
in solution.” 

81 JK g.f R. W. Martin and Th. C. Nelson, 
* * Swarming of Dinollagollates in Delaware Bay, 
New Jersey,'' Bot, Gaz., 88: 225, 1929. 

82 A few outstanding papers on the subject 
published in the early nineteenth century are: 

(1) M. Joly, '^Historie d'un petit crustacd 
auquel on a faussement attribud la coloration en 
rouge des marais salants mediterran^ens suivi 
de recherches sur la cause reelle de cette color- 
ation," Ann. Sc. Nat., 2 Sdr. Zool. XIII, 1840; 

(2) A, Morron and C. Morren, "Bocherches 
sur la rubdfaction des eaux ot leur oxygenation 
par los animalcules et les algues," M. Hayez, 
Bruxelles, 1841; (3) E. Grube, "Ueber Blut- 
wasser, den Blutregen und den rothen Schnee, ' ' 
Preussi^che Provimxal-Blatiern, Konigsberg, 
October 16, 1840. 

88 John E. J. Teeple, Ind. Eng. Chem., 13: 
249, 1921. 

84 G. Lunge, "Acid and Alkali, VoL 11, 
p. 58, od. B. 
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The red color of some African lakes 
was recently ascribed to the extract of 
red flamingo feathers 

It seems advisable, in this connection, 
to mention my own experience's^® in rela- 
tion to the work of older authors and 
to segregate under various headings the 
causes, inorganic and organic, of the red 
or orange colored brines. 

1. The only inorganic cause, as far as 
I know, of red brine is iron oxide. It is 
often visible as an orange-red fringe on 
the floating masses of salt ; it may cover 
sticks in the salterns to a certain degree. 
Its occurrence is never, as far as I have 
seen, pronounced. There must be pres- 
ent a fair amount of colloidal (or dis- 
solved?) iron in the brine pools, because 
of the large mass of hydrated ferrous 
sulphide, which invariably forms under- 
neath the brine (see below). This col- 
loidal iron, however, does not seem to 
influence the color to a large extent. 

la. Colors due to metallic sodium dis- 
solved in NaCl were not observed in nat- 
ural brines. 

2. Pink, red and purple bacteria seem 
to be the chief cause of rod brines. It is 
well to define the groups more clearly, 
as much confusion may result from the 
term “red bacteria/' 

2a. Facultative anaerobes, sapro- 
phytes, non-spore formers ; pigment 
formation independent of light. This 
is the group of the so-called “codfish" 
bacteria, which appear in the brines 
when there is enough organic matter 
present. They have been known for a 
long time,®^ but the recent literature is 
extensive,®® on account of the economic 

Walthor, ‘‘Sodium Carbonate Minerals 
of the Mogadi Lakes, British East Africa,’' 
Am. Mineral,, 7; 86, 1922. 

The author of this paper might have boon 
inspired by Darwin’s “Journal of Researches’’ 
(see Collier’s 1910 edition, p. 82). 

Donald Monro, Trans, Eoyal Soo,, 61: 567, 
1771. 

Compare H. Klobahn, ‘ ‘ Dio Schadlinge des 
Klippflsches, ’ ’ Mttt, a, d, Inst, f, all, Bot,, 4: 
lli 1919, Hamburg. 


importance of these organisms and the 
other red saprophytes. 

2b. The red yeasts.®® 

2c. Dark red colors are attributable to 
the purple bacteria, facultative sapro- 
phytes, unable to live without light 
under anaerobic conditions. They con- 
tain a green pigment which, upon de- 
composition, yields a brown, water-solu- 
ble product (Searles' Lake I). The or- 
ganisms usually live close to a source 
of HjS (usually the black mud) and 
often withstand high alkalinities. The 
red organisms in trona or soda (“niter" 
of the ancients, compare Jeremiah 2: 22 
and Proverbs 25: 20) are almost always 
due to true purple bacteria. Pliny®® 
states that the salt from Memphis 
(Egypt) is deep red; that from Cen- 
luripa (Sicily), purple. At another 
place he states^® that the produce of the 
Egyptian niter beds is red. “The best 
‘nitrum' comes from Ijydia, the test of 
its genuineness being its extreme light- 
ness, its friability and its color, which 
should be almost a full purple." We 
are satisfied that this substance repre- 
sents a mixture of sodium bicarbonate 
and sodium carbonate, for “it is a su- 
dorific, used in making bread, makes 
radishes tender and to vegetables it 
imparts additional greenness." At an- 
other place Pliny mentions the fact 
that purple salt is used as a cosmetic 
and that the outside of the crystals is 
rapidly bleached by light. This is ex- 
actly what happened to crystals of 
NaCl (with adhering carbonates) from 
Searles' Lake, California, which were 
inside still a dark purple, because of 
the presence of a large Thiospinllum! 
Innumerable desert lakes around the 
Mediterranean are called “Ked Lake." 
When those lakes are highly alkaline it 
is plausible to assume that their color 

39 Book 31, Chapter 41. 

40 Book 31, Chapter 46. The various kinds 
of nitrum. 
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is due to purple (sulphur) and pink 
(“ codfish'^) bacteria. 

Mr. Hugh Todd in 1683^^ mentions 
what is probably an occurrence of purple 
bacteria. 

. . . Those that have boyled this brine (I had 
not time to try the experiment myself) say that 
it affords a great quanitity of bay salt, not so 
palatable, yet as useful as ordinary salt is. It 
tinges all the stones with a Kod colour. 

2d. Plants, or rather chlorophyll-bear- 
ing organisms, may be the cause of these 
red waters. One hundred years ago, 
when the French Academic asked for an 
investigation of the reddening of the 
salt marshes near the Mediterranean, 
a controversy ensued between Payen,^* 
who ascribed the color to a small crus- 
tacean (see below), and Joly,^** who re- 
ferred it to the food of this crustacean, 
a small flagellate, already described by 
Dunal and also by d'Arcet in 1830. The 
orange color due to this organism is very 
characteristic. It was Teodoresco^* who 
finally named the organism Dunaliella 
salina. It is, like all salt organisms, 
cosmopolitan and may be obtained from 
California salines.^® Hedin*® must have 
seen it in the Kisil-Kul, ‘Vhose water 
both in color and consistency bore a 
striking resemblance to tomato soup.’^ 

I was able to observe the form in 
salt obtained from Portugal, Roumania, 
Hungary, Brazil and Venezuela and 
various places in North America. 

We have good evidence to believe 
that it was known (of course not as 

An account of salt springs on the banks of 
the Biver Weare or Ware in the Bishoprich of 
Durham, Trans, "Roy, 8oo., 14: 726, 1683. 

<2 A. Payen, Ann. chtm et phys., 2nd ser., 65 : 
156, 1837. 

M. Joly, Ann. Sc. Nat., 2nd sdr. zool, 13: 
1, 1840. 

C. Teodoresco, ^^Organisation et De- 
veloppement du Dunaliella,” Beih. Bot. Cen- 
tram., 181: 215, 1905. 

G. J. Peirce, loo. cit. 

<«S. Hedin, ” Central Asia and Tibet,” 
Vol. 1, pp. 46, 530, Hunt and Brachett, London, 
1903. 


an organism!) to the ancients. Teo- 
doresco®^ states: 

un trait caract^ristique pour le Dunaliella, 
e’est Podeur agr^able de violette qu’il exhale; 
ce fait a 4t4 mentionn4 par la plupart dea 
naturalistes, qui ont eu 1 ’occasion d ’observer 
cette algue; cetto odcur ressemble beaucoup h 
colle dos gozons de Trentepohlxa aurea humect4s 
et a, cortainoment, pour cause la presence de 
1 ’h^matochrome. 

Dunaliella salina has a very striking 
orange pigment throughout the plastid, 
while the related D. viridis Teod., is 
green, except for the eyespot. Trenie- 
pohlia aurca, a yellowish-red aerial alga, 
is called by the Tyrolese ‘‘Veilchcn- 
stein. ^ ' 

Recent work of Dr. J. Smith^® seems to 
indicate that ionon^® may be formed by 
the oxidation of carotin. 

Now it is significant to note that 
Pliny®® mentions the Cappadocian salt 
to be ‘‘saffron-colored and remarkably 
odoriferous. ^ ^ This would probably 
mean the salt of either Lake Tatta 
(modern Tus-Chollu) or of the lakes 
near the river Cannalas (modern La- 
mantia). 

This statement by Pliny would be a 
clear indication of the presence of Dunor 
liella if it were not for an observation 
made by Dr. C. B. v. Niel and myself; 
namely, that when an alkaline brine con- 
taining a small amount (.1 per cent.) of 
peptone is heated without the presence 
of any organism, it gives off an agree- 
able smell, not unlike tuberose (reaction 
on indole, however, was negative). This 
odor, of course, is different from an 
“agr^able odeur de violette^’; but, inas- 
much as Pliny is no more explicit in his 
descriptions, the point is not definitely 
proved. 

2e. While no definite records are 
known to me, it seems possible that 

472,00. cit., page 229. 

*8 Verbal communication. 

4» Active principle of the perfume of the 
violet. 

Book 31, Chapter 41. 
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blue-green algae which also in brackish 
lakes®^ often assume bright orange colors 
{Aphanocapsa, etc.) may occasionally 
cause “red water “ in brines. 

Other Organisms in the Brine 

Entz,®^ Namyslowski®® and Plorentin®^ 
working in Hungary, Poland (Wiel- 
iszka) and Lorraine, respectively, have 
contributed most of our knowledge on 
the colorless protozoa inhabiting brines. 
These protozoa are also cosmopolitan, as 
I have been able to obtain good develop- 
ments of various forms described by the 
above-mentioned authors from Portu- 
guese, Venezuelan and Californian salt. 
It is, therefore, not surprising that we 
find an account in the Royal Society 
Transactions of 1682 by “Two observing 
Gentlemen from Staffordshire^^ who, by 
means of Mr. van Leeuwenhoek’s micro- 
scope, observed in a brine from Nantwicli 
“small organisms, actively moving and 
of a size about of the smallest salt 
crystal,” This probably refers to one 
of the numerous salt-protozoa, but prob- 
ably not a Dunaliella, the color of which 
they would have mentioned. 

Purification of Salt 

Sea-salt as such is hardly fit for con- 
sumption. It contains large amounts of 
the chloride and sulphate of magnesia. 
It contains salts of iron and calcium. 
It is highly hygroscopic. The English 
pit-salt also contains a large amount of 
calcium salts (the “sand” of the brin- 
ers). The salt obtained by the archaic 
Oriental process is a rather unpalatable 
product. During the evaporation large 

51 Observed by G. M. Smith, G. J. Peirce and 
the author in Pyramid Lake, Nevada, Novem- 
ber, 1926. 

85 Geza Entz, * * Die Fauna der Kontinentalen 
Kochsalzwasser, ” Math, u, Naturw. Ber, ana 
Ungam, 19: 89, 1901. 

88 B, Namyaloweki, ^ ‘ Ueber halophilo mikro- 
organismen,” Ac, Craoovie, 88, 1913. 

8* E. Florentin, * * Etudes sur la Faune dea 
mares salves de Lorraine, thdse, Paris, 1899. 


amounts of sulphate are reduced by 
bacteria, anaerobic saprophytes, which 
form, in combination with the iron, the 
black mud which consists of clay par- 
ticles interspersed with a hydrated fer- 
rous sulphide (hydrotroilitc). This sub- 
stance, obviously, should not be har- 
vested with the salt (purification hy har- 
vesting),^^ The precipitation of the cal- 
cium, chiefly as the sulphate, mostly 
precedes the precipitation of sodium 
chloride. The sulphate of calcium forms 
colloidal solutions ; these solutions are so 
stable that great oversaturation ensues 
and consequently a liquor high in cal- 
cium may enter the salterns from the 
pickle ponds. The brine, before it is 
allowed to crystallize, has to be cleared 
from the calcium sulphate (“sand”) 
purification hy clarification. If no frac- 
tionate precipitation (which is compara- 
tively modern) is practiced, the final 
product contains nearly all the mag- 
nesium as chloride or sulphate. Because 
the magnesium salts are much more 
soluble than the sodium salts, a simple 
purification hy leaching was (and is) 
practiced. 

A. Purification hy harvesting. This 
process chiefly pertains to the black 
mud, which is present in every saline, 
whether natural or artificial. When it 
is exposed to the air it oxidizes, giving 
off hydrogen sulphide which may be dc 
tectcd by the smell. It is not improb- 
able that the old etymological relation 
between the word “salt” and “stench” 
in a great many languages (sec Victor 
Hchn, loc. cit,) originated from the odor 
of the sulphide which always accom- 
panies the saline. Pliny gives a very 
drastic description of the smell of cer- 
tain salts, but it was not until the seven- 
teenth century that Martin Lister, pro- 
fessor at Oxford, in presenting his de- 
cs Sometimes an algal mat (Microcoleus apt) 
is carefully tended to prevent the mixing of the 
brine and the black mud. This procedure is 
mentioned by von Buschman (loo, cit.) for 
salines in Italy, Franco and Portugal. 
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scription of English salterns to the Royal 
Society (1683) gave us some interesting 
observations pertaining to sulphate re- 
duction : 

At Northwich in CheHhire upon the Woever 
in 4 Pits is great plenty of brine; it stinks of 
sulphur apparently in all the pits; it becomes 
atramentous with galls. 

At Nantwich upon the same Kiver is one very 
large brine-pit. This water also plainly smells 
as if it were corrupted, or like sulphur. 

Weston brine-pit near Stafford. This water 
in the pit stinks like rotten eggs. 

Droitwich. . . . The water of these pits stinks 
like rotten eggs, esipeoially after Sunday’s rest 
[aeration 1 L. B. B.] and will, if flesh be 
pickled in chom, make it stink in 12 hours. 

The ‘‘rotten eggs’’ is clearly a good 
reaction to H^S; the reaction to iron 
is given in the words “atramentous with 
galls.” Pliny’® states repeatedly, in his 
“Natural History,” the preparation of 
ink (atramentum), shoemakers’ black 
(atramentum sutorium), etc., by means 
of copper sulphate or iron salts plus 
gall nut extract. Lister apparently has 
used this reaction to look for “alum,” 
that vague classical mineral embracing 
nearly everything. He has given us, 
however, a good description of the sul- 
phate reduction, which had to wait till 
1894 when Beycrinck’s genius elucidated 
the chemism of the process.®^ 

The soluble sulphides will do no great 
harm in a process where the brine is 
evaporated in kettles. But where the 
salt has to be harvested with flat shovels 
from over a surface of “slutch black as 
the scuttle-fish” the harvesting becomes 
a fine art. In the paper on the solar 
salt manufacture in Prande, mentioned 
above (1669), it is stated by the anony- 
mous author (p. 1027) : 

AO Book 34, Book 35, Chapter 25. 

ATM. W. Beyorinck, **XJebcr Spirillum desul- 
furicans als TJraache von Sulfatreduktion, ” 
Centralbl. fiir BaJet, 11, 1: 1-9, 49-69, 104-114, 
1895. Jackson (loc, cit., 1660) also mentions, 
in the description of the Cheshire pits: . 

a blackish slutch mixt with sand, which infects 
the whole spring (like the scuttle-fish) black, 
when ’tis stirred.” 


As to the Whiteness of salt in particular, 
there are 3 things to be considered: Pirst, that 
the earth of the Marish bo proper. Secondly, 
that the salt be made with good store of water. 
Thirdly, that the salt-man, who draws it, be 
dextrous. In this Isle the Kh6 there are that 
draw very dark salt, and others, that draw it as 
white as snow; and so it is in Xaintonge. 
Chiefly care is to be taken, that the Earth at 
the bottom of the Beds mingle not with the 
salt. 

Exactly the same procedure is fol- 
lowed in the salt harvest around San 
Francisco Bay. A good briner will 
harvest the largest amount of salt 
without disturbing the black mud. The 
rules of this game are indeed old! 

B. Purification by Clarification, To 
remove colloidal matter from the brine. 
Agricola®* gives a recipe which seems to 
work but the mechanism of which is 
fairly obscure. In stating the procedure 
used at Halle, he says: 

Prom 37 dippers full of brine 2 cones of salt 
are made. To clarify, to 2 casks 2 dippers add 
cyathus of bullocks, or calf’s blood. Boil 
one hour, stir, boil one hour more. Then add 
cyathus of strong beer. 

Converting these measures we get that 
in Agricola’s time (1556) 1 part of blood 
was added to 1500 parts of brine to 
clarify. (The beer is probably used to 
hasten crystallization.) 

In the article of W. Jackson, commu- 
nicated to the Royal Society, 1669, we 
find that to 20 gallons of brine he added 
(at Nantwich) 2 quarts of blood. Of 
this mixture 2 quarts were sufficient to 
clarify 360 quarts of brine, which makes 
1 part of blood per 1800 parts brine. 
The procedure, therefore, remained the 
same for over a century! Later refer- 
ences are unknown to the author of this 
paper. The seventeenth century briners 
also used “strong ale” to “corn” the 
saturated brine.®® 

w Georgius Agricola, ”De Re Metallica,” 
Translated from the first edition, 1556, by 
H. C. and L. H. Hoover. Published for the 
translators by the Mining Magazine, Salisbury 
House, Loudon, 1912. See Book XII, passim. 

»» Jackson, loo, cit,, 1669. 
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In 1756 M. Schlosser discovered in the 
brine pools of Lymington, England, a 
phyllopod crustacean Avhich he described 
in an obscure, and to me inaccessible 
place.®® Linne described the animal in 
his “Systema,®^ as Cancer salinus: 
‘‘habitat in Angliae salinis Limingtoni- 
anis D. Schlosserus. ’ ’ 

It has been reported from various 
places since. Pallas found it in Euro- 
pean and Asiatic Russia, dArcet in 
Egypt and Tunis, Joly in France. We 
know now that the organism is perfectly 
cosmopolitan. 

Artemia Salina 

It is of common occurrence in every 
salt lake in which the salt concentration 
may become lower than about 4 per cent, 
by weight. 

It is very improbable that this organ- 
ism should have remained unknown so 
long. Our very imperfect knowledge of 
the literature and the unavailability of 
the chronicles of Arabian travelers, espe- 
cially, may be the cause of this hiatus. 

It is true that neither Greeks nor 
Romans mention the animal. It is used 
as food by many Arab tribes, probably 
since time immemorial. There is a lake 
in Fezzan called “Worm Lake.” Be- 
yond this I have been unable to obtain 
any information, but there is indirect 
evidence to show that the knowledge of 
this organism is old. It is well known to 
the briners, and the knowledge of the 
briners is archaic knowledge. 

A few years ago tlie foreman of a 
near-by salt works came to our laboratory 
to ask for a few Artemiae. When asked 
for what purpose he wanted them, he 
declared that he could not make salt 
without the “brine-worms.” As at that 
time we could not accommodate him, he 
planned to send to Great Salt Lake in 

00 < < Observations Periodiques sur la Physique 
(de Gautier), 1766. 

01 C. V. Linnd, * * Systoma Naturalis, ^ * p. 634, 
1758. 


order to get the desired organisms. At 
that time we thought the man foolishly 
superstitious, little realizing that these 
organisms were used by the old English 
briner**® and called by them “clearer- 
worms. ^ ^ 

Anselme Payen and Audoin in 1836®® 
performed a few experiments which 
are very significant in this connection. 
While remarking upon the passive 
method of feeding of this crustacean 
(“Strudler” of the German zoologists), 
they tried to see what the organisms 
would do with fine suspensions of cal- 
cium carbonate (p. 223) : 

Voulant alors osaayer si I'on parviendrait A 
remphr leur tube digestif A I'aide d'un corps 
solide troa divisA, on mit pluaiciirs des petits 
Branchipos (Artemia) dans lo memo m^lungo 
non-filtre. 

As a result, the Artemia clarified the 
water completely. Hence the name 
“clearer- worm.” I have repeated this 
experiment with fine and rather stable 
suspensions of barium sulphate, calcium 
carbonate and calcium sulphate with the 
same result; the liquid which passes 
through their digestive tract is freed 
from its particles, which coagulate in 
small pellets. Five artemiae cleared a 
milky wliite suspension of barium sul- 
phate (100 cc) in 24 hours while the 
controls remained unchanged. The pel- 
lets on the bottom of the jar contained 
the precipitated matter. 

Van^t IIoflE®* remarks that it is almost 
impossii)le to precipitate calcium sul- 
phate from sea water at the concentra- 
tion where it is due to precipitate. It 
may therefore very well be that Artemia 
salina by its incessant action has made 
salt manufacture possible. 

0. Purification l)y Leaching. In the 

«2 Sec Th. Rachett, Trans. Soc. Linn., 11 : 205, 
3815. 

03 Payen and Audoin, Ann. de Sc. Nat., 6 (2 
B ser.) : 219. 

* * Zur Bildung dcr Ozeanischon Sallzabla- 
genmgon, Jena, 3909. 
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Venetian (tenth century) salt works, the 
“ciuca” or “tumba,’’ the salt pile was 
left a long time to leach in the rains. 
This improved the quality of the salt. 
The same practice is still followed in a 
great many recent plants, but the fact 
is already mentioned by Pliny I®® The 
salt loses a large amount of magnesium 
compounds, its hygroscopicity is reduced 
and part of its bitter taste disappears. 

This procedure was also used in the 
seventeenth century in the French salt- 
erns. 

Book 31, Chapter 40. 


Conclusion 

Salt is still made in a way reminiscent 
of antiquity. The sea water, at many 
places, still drawn up by means of 
Archimedean screws, evaporates. The 
clearer worm’’ does its work. Then 
we wait for ‘‘red water” and pump into 
the saltern from this pickle pond. When 
the ‘‘hoppers” “corn,” the liquor goes 
to the bitterns. Then in the saltern it is 
harvested, and the salt is scooped up 
carefully from over a layer “black as the 
scuttle-fish.” The piles are set to leach 
and to bleach. 



THE EVOLUTION OF THE CREATIVE 
IMAGINATION 

By Dr. PAUL CHATHAM SQUIRES 

CLINTON, NEW YOKE 


Friedrich Nietzsche, in his “Birth 
of Tragedy,’^ has written: “He who 
destroys illusion within himself and in 
others is punished by that most severe 
of tyrants, nature, “ for “it is part of 
the essence of a(5tion to be veiled in 
illusion/’ 

In this striking passage the philoso- 
pher Nietzsclie has expressed in poetic 
form a leitmotif of psychology. It is 
through the powers of imagination, of 
“illusion,” that man has risen to con- 
quer and reconstruct the world in 
which he lives. 

The problem of imagination, then, is 
central for the understanding of mind 
at large. And since the operations of 
imagination are inextricably woven into 
the patterns of our daily existence, the 
layman may well pause to consider cer- 
tain of them. 

There is a scientific truism to the 
effect that anything, be it an organism 
or a star, can be adequately understood 
only in terms of its evolutionary story. 
The human body, for example, has come 
to be what it is only after having passed 
through an indefinitely long racial past. 
The star, also, goes through a number of 
more or less well-defined stages, each 
stage consuming eons of time. In every 
instance, whether the object of investi- 
gation be animate or inanimate, the 
endeavor must be made to comprehend 
the object in the light of its history. 

And thus, when we come to ponder 
over the nature of imagination, the evo- 
lutionary point of view will be found 
absolutely indispensable. The begin- 
nings of imagination in the human 
being, the main stages of imaginal 
growth, abnormal manifestations and 
the culmination in the loftier regions of 
creative imagination— y;hese are the 
questions that here present themselves. 
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II 

Through imagination we respond to 
things that are physically absent as 
though they were present. Through 
imagination man may free himself at 
will from the pre.sent moment and pro- 
ject himself into the future. 

Prometheus scaled the heights of 
Olympus and stole the fire from the 
gods, giving it to mortals. And as by 
the gift of fire in the olden days man 
was in part liberated from the arbitrary 
dominion of the Olympian deities, so 
has he been emancipated from the bond- 
age of the mere present by the gift of 
the imagination. 

When one contemplates the great 
works of the creative imagination it is 
quite natural to feel that they are too 
complex, too subtle, for any analysis. 
But these monuments of science, art, 
literature or whatever else have not 
come into being at one blow, miracu- 
lously. They have a history back of 
them, whose tangled strands we may 
aspire at times to trace. 

To begin with, by way of a prelimi- 
nary and very general reply to this 
question of origins, a famous maxim of 
psychology may be paraphrased to run 
as follows: There is nothing in the im- 
agination that has not previously been 
in the senses. 

Take the case of a man born com- 
pletely blind. In neither the waking 
recollections nor the dreams of such a 
one can there be any visual experiences. 
His memories will be forever limited to 
the residues derived from prior contact 
with the outside world through the ave- 
nue of such sense organs as those medi- 
ating the sensations of sound, taste, 
smell, warmth, cold, muscular stresses 
and strains and a number of others 
which need not be mentioned. 
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But there will be no color, visual line 
or form in this man’s memories. He 
may learn all about color, about the 
physical laws and mathematical equa- 
tions of ether vibrations, but he will 
know not one bit more at the end than 
at the be{i:inning of his studies concern- 
ing the visual universe as a directly 
given experience. 

You will no doubt make the comment 
that anybody knows this to be so. Yet, 
there was a time when certain philoso- 
phers taught the doctrine of ^‘innate 
ideas,” that is to say, the doctrine that 
some of our ideas, at least, do not de- 
pend for their beginnings upon previous 
sense impressions, but are present in the 
individual at the time of his birth. Con- 
cerning such ready-made ideas modern 
psychology knows nothing. 

Persistence along a line of action, 
even though the stimulus initiating the 
action has subsequently been with- 
drawn, is a universal characteristic of 
organisms from highest to lowest. It is 
an expression of the omnipresent law of 
inertia. The microscopic one-celled 
Amoeba, standing at the foot of the evo- 
lutionary ladder, evidences well the 
operation of this law. 

The Amoeba is a cannibal upon occa- 
sion. Bring this animalcule into con- 
tact with a smaller one and the larger, 
if hungry, will try to ” swallow” the 
latter. Provided the smaller eludes the 
first onslaught a lively pursuit fre- 
quently ensues. The larger Amoeba 
moves this way and that in a trial-and- 
error, but purposive, manner, striving 
to effect the capture of its prey. The 
chase may endure for a considerable 
time, notwithstanding that after the 
first collision the tiny organisms have 
not touched each other. 

We have just witnessed a clear and 
unequivocal instance of the after-effect 
of stimulation in an extremely simple 
type of life. Let us now pass without 
further ado to the top of the ladder and 


observe an after-effect in a human sense 
organ. 

It is a matter of common knowledge 
that, after having looked at an electric 
light, the after-image of this light may 
persist for quite a while. Perform the 
following easy but most entertaining 
and instructive experiment. Have 
ready in a perfectly dark room an elec- 
tric lamp equipped with the ordinary 
opaque, rounded shade. Take some one 
into the room with you and instruct him 
to move his hand slowly and steadily 
back and forth. Directing the light 
upon the moving hand, flash it on and 
off for a dozen times or so, turning the 
light on for a couple of seconds and then 
cutting it off for three or four seconds. 
Keep your attention riveted on the 
hand. Finally, allow the light to re- 
main turned off. A rather ‘^spooky” 
thing will now be seen. To whatever 
part of the room your gaze may be di- 
rected, there, in the darkness, a ghostly 
hand is wafting to and fro. You are 
simply observing a version of what is 
called the positive after-image. 

This sort of experiment is valuable in 
a number of ways. The main thing to 
be gotten out of it at the present junc- 
ture, however, is that when we look 
about us for the beginnings of imagina- 
tion, we are at once forced to consider 
the more elementary inertial effects as 
they are to be found in a single sense 
organ, such as the eye. As concerns the 
lesson to be obtained from the behavior 
of the Amoeba, the instance brings home 
to us the fact that even at this lower 
level of animal existence the organism 
responds as though the exciting stimu- 
lus, physically absent, were present. 

Having duly recognized this rudi- 
mentary form of memory, we will next 
make search for a type of after-effect a 
degree or so more advanced in the scale 
of mental development. In doing this 
we take the plunge into the fascinating 
topic of eidetic imagery. 
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It is sometimes said of a young child 
that he seems to be visually preoccupied. 
His play is apparently centered upon 
imaginary visual situations and things. 
The imaginary world has assumed for 
him the guise of reality. Are we to in- 
fer that he is imagining in the manner 
in which grown-ups usually do ? Let us 
see. 

During the past two decades some re- 
markable investigations have shown that 
a considerable proportion of children, 
and also some adults, possess the pecu- 
liar sort of imagination known as eidetic 
(from the Greek word eidos, meaning 
form). This eidetic imagination is 
strangely realistic; it is as though the 
person were ‘‘seeing things.’’ 

Present before an eidetic child a 
rather complicated pattern. After half 
a minute or so remove the figure. You 
will find to your surprise that the child 
can, even after a considerable lapse of 
time, reproduce it for himself with an 
astonishing degree of accuracy, espe- 
cially if he is permitted to look at a 
neutral gray background. The pattern 
seems to be “out there against the 
screen.’’ However, the child very early 
comes to understand that the object 
merely seems to be out there against the 
background, that he simply imagines it 
is there. 

This vivid form of imagination has 
been thought to be a general property of 
childhood. Children utilize eidetic im- 
agery in painting, drawing and in the 
making up of fairy-tales. The eidetic 
image arises not only spontaneously but 
may also, time and again, be called up 
at will. Girls have been supposed to 
possess the eidetic disposition more fre- 
quently than boys, also to be able to 
arouse the image at will better than 
boys. This fact of voluntary arousal is 
one of several marks by which the eidetic 
image may be distinguished from the 
ordinary after-image of sensation, which 
latter was illustrated above by the 
“ghost hand.“ 


A process of selection is to be observed 
at work among eidetic images, and for 
that matter goes on at all levels of 
imagination. A person’s interests de- 
termine to a large extent the degree of 
accuracy and stability with which the 
eidetic image is endowed. Thus, if a 
child is far more interested in birds than 
in butterflies, the images of birds will be 
more realistic in every way than those 
of butterflies, details of form and color- 
ing being more photographically repro- 
duced. Jri others, only the pleasing and 
the beautiful are retained in the image, 
the ugly and unpleasant features drop- 
ping out. 

Although eidetic imagery quite typi- 
cally wanes and decays after the age of 
puberty or thereabouts, notable excep- 
tions are nevertheless to be found. 
There is little question but that the 
power of eidetic visualization has been 
rather common among great artists and 
poets. Michelangelo and Goethe, to 
give just two names, were undoubtedly 
“eidetikers.” 

Among the Indians of Spanish Amer- 
ica there has existed from time imme- 
morial a custom of chewing “mescal 
buttons.” These are pills made of the 
drug peyote and give rise to visions of 
the most hallucinatory reality. The In- 
dians, we are told, use this drug more 
particularly in their sexual orgies and 
religious rites. The disturbances of 
vision resulting from peyote have quite 
recently been subjected to investigation 
in the psychological laboratory, but it is 
not yet entirely clear as to whether by 
this means genuine eidetic images can 
be produced artificially in those who do 
not by nature have such imagery as a 
part of their mental equipment. 

Although the overwhelming majority 
of research on this form of imagination 
has been done in vision, nevertheless 
there is eidetic imagery in other fields, 
such as hearing, smell, taste and pain. 
It need scarcely be pointed out how im- 
portant eidetic imagery in hearing may 
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be for musical creation. Mozart, for 
one, must have possessed this faculty. 
Wagner is another probable instance, 
and others could no doubt be named. 
Incidentally, it is interesting to note 
that some people fail to get the eidetic 
experience unless one or more senses, in 
addition to the sense centrally involved, 
are simultaneously set into operation. 

Investigation has of late been directed 
toward a more scientific approach to the 
problems of education through a recog- 
nition of the role played by eidetic im- 
agery in the learning processes of the 
growing child. But as to the relation 
between grade of intelligence and de- 
gree of eidetic imagery, this is still a dis- 
tinctly moot question, although some 
findings upon this subject have been 
published. 

The medical profession, likewise, may 
at some future time benefit through the 
researches on eidetic capacity, if we are 
to believe certain investigators. The 
speculation has been brought forward 
that eidetic type may yet be made to 
serve as a practical index of the con- 
stitutional type to which certain patients 
belong. Actual studies have been car- 
ried out along this line. For instance, 
the relation between eidetic type and the 
incidence of goiter has been surveyed in 
a preliminary way. This matter, how- 
ever, is still avowedly in the vague stage, 
although the lead is most attractive. 

According to one famous theory the 
eidetic image is a transitional medium, a 
sort of missing link, both in the indi- 
vidual and in the history of the race, be- 
tween the hitherto-described after-image 
of sensation and the more advanced 
memory image which we have yet to con- 
sider. Psychologists are endeavoring to 
interpret primitive art and language 
from the angle of the eidetic make-up, 
since the theory just indicated teaches 
that primitive man, as well as the child, 
must be presumed to possess the eidetic 
disposition. The interesting speculation 


has also been advanced that some ani- 
mals show eidetic tendencies; if this 
were a fact it would constitute addi- 
tional evidence bearing upon the theory 
in question, as pointing to the primal 
nature of the eidetic imagination. 

The eidetic imagination, then, is out- 
standingly a fact of childhood. In 
adults it is the exception. This sort of 
imagination may be regarded as the 
means of preserving objects and situa- 
tions in vivid and stable form until that 
period of mental development sets in at 
which the less realistic memory image 
common to adulthood, and abstract 
thought, take the place of the startlingly 
realistic eidetic image. The eidetic 
mechanism, therefore, is valuable as aid- 
ing in the survival and progress of the 
race and the individual. 

Ill 

The word image means a likeness. 
And as we sometimes say of a painting 
or photograph that it is the very image 
or likeness of a person, so mental images 
are the likenesses of previous sense im- 
pressions. 

Moreover, just as the likenesses re- 
corded upon canvas and film vary as to 
vividness, excellence of outline and ac- 
curacy of detail, so do mental images 
differ greatly in respect to the faithful- 
ness with which they portray the orig- 
inal perceptions. 

Eidetic images, as we have seen, serve 
as an intermediary stage between the 
after-image of sensation and the ordi- 
nary memory image. This latter mem- 
ory image is to be distinguished from 
the eidetic image in a number of ways. 
For one thing, the common memory im- 
age is far less vivid, stable, real, than 
the eidetic reproduction ; above all, it is 
localized not “out there'’ but “inside 
the head, I don't know just where." 

However, we must not lose sight of 
the fact that although we talk now of 
the typical memory image common to 
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later childhood and to adults^ and then 
again of eidetic images, nevertheless 
these classifications are merely so many 
emphases and do not after all carry ns 
beyond the scientific preliminaries. The 
contents of consciousness are in never- 
ceasing flux and flow. There are all 
sorts and varieties of eidetic and other 
images. Some eidetic manifestations, 
for example, are intimately related to 
the after-image of sensation, while oth- 
ers stand near in appearance to the com- 
paratively washed out and blurred 
memory image. 

The main notion to be grasped here is 
that any classification, no matter how 
carefully worked out, is still ever short 
of its mark. The contents of nature 
and mind, especially those of mind, are 
not discrete and separated one from the 
other like beads on a string. Rather, 
all events form a dynamic continuity. 
They arc so many transitions and trans- 
formations playing back and forth be- 
tween poles which occupy varying posi- 
tions. 

Suppose we consider for a moment 
the importance of studying abnormal 
and diseased states of the imagination. 
How can this sort of study assist us to a 
better understanding of the normal im- 
agination? The answer is not far to 
seek. 

When a piece of machinery, such as 
an automobile, is running smoothly, one 
does not usually pause to examine the 
intricacies of the mechanism; the ma- 
chine is simply taken for granted, like 
health. But when something goes wrong 
and we are thereby forced to make a 
search into the inner workings of the 
machine, we then begin to compre- 
hend it. 

There is a grave mental disorder 
known as paranoia, which irradiates 
socially devastating results. This un- 
fortunate condition is marked particu- 
larly by delusions of grandeur or of 
persecution, ordinarily of both. The 


paranoiac may imagine himself to be a 
great scientist, artist, religious reformer, 
political figure, and so on in seemingly 
endless variety. Usually he believes 
that some one is scheming against him, 
is trying to undermine him, that all the 
world is plotting his downfall and de- 
struction. Imaginary voices, sneering 
and accusing, or perchance exhorting 
to unparalleled accomplishment, follow 
him on his daily rounds. Joan of Arc, 
to mention just one famous historical 
case, is to be classed here. 

Charles Dickons has given us a mas- 
terful portrayal of the paranoiac per- 
.sonality in his description of the father 
of the Marshalsea in ‘‘Little Dorrit.’’ 
Mr. Dorrit’s grandiose pose served as a 
defense mechanism comi)ensating in part 
for the intense, agonizing feelings of 
social inferiority engendered by long 
years of confinement in a debtor ’s prison. 
His “superiority complex “ acted as an 
antidote to the “inferiority complex.’^ 

This process of compensation is to be 
perceived in operation everywhere and 
at all times in the realm of mind. But 
in paranoia the compensatory mecha- 
nism is enormously intensified and ex- 
aggerated and hence stands forth dra- 
matically for our better observation. In 
the paranoiac we witness the building 
up of an imaginary world to such an 
extent that the individual attains psy- 
chologically that which he can not seize 
in reality. The paranoiac condition 
reprcs<»nts a failure of adjustment to the 
environment, with all its stern realities. 
It is a flight from actualities. To be 
sure, there is an apparent exception to 
this interpretation in view of certain of 
our noted historical personages who have 
contributed so brilliantly to tlie prog- 
ress of civilization in its manifold forms. 
But detailed study of these cases finally 
leads back to this principle disguised in 
more or less subtle manner, and mate- 
rially aids in establishing it to be of 
universal scope. 
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The strange vagaries of the sexual 
imagination furnish another point of de- 
parture for clearer insight into the 
bizarre aspects and paradoxes of the life 
of imagination. Exhaustive delinea- 
tions and interpretations of the sexual 
imagination cram the archives of the 
psychoanalytic schools. Dissection of 
the dream state has been of much value 
in this connection, for the dream may be 
looked upon as subserving a safety- 
valve function. Failure to secure satis- 
faction of the sexually toned wish in 
waking life on account of the sanctions 
of society, or for any other reason, is 
compensated for in part by wish-fulfil- 
ment in the dream. Thus, the dream 
acts as a temporary release for the surge 
of the suppressed desires which would 
otherwise wreck the organism. The in- 
dividual, through the dream, obtains a 
respite from the torments of waking pas- 
sion. The gift of imagination has come 
to his rescue, but only temporarily. 
For the dream is not the adequate solu- 
tion. 

In all the kaleidoscopic life of the im- 
agination, no matter how simple or com- 
plex, whether in health or disease, the 
determining factor must not be allowed 
to elude our grasp. This factor is inter- 
est, feeling, emotional waxing and wan- 
ing, call it by what names you will. And 
if the doctrine of Freud has any single, 
outstanding merit, it consists in the un- 
stinted recognition of the dictatorship 
exercised by the feelings and emotions — 
in short, by the wish — over the im- 
agination. 

IV 

So far we have been occupied mostly 
with the imagination in its reproductive 
role. But what of the creative imagina- 
tion, to which the mighty works of sci- 
ence, art and philosophy owe their 
origins? 

Inspiration, that is to say the creative 
imagination, transforms within its flam- 
ing crucibles the earthy elements derived 


from experience and ever reaches out 
beyond the confines of present, sensory 
experience. Copernicus surveyed the 
universe from the sun and a new world 
order sprang into being. Adams and 
Leverrier saw in the waverings of cer- 
tain planets the heralding of a far dis- 
tant heavenly body as yet hidden from 
the eyes of man. Laplace and Kant 
peered into the timeless past and gave 
us the nebular hypothesis. In all the 
gropings and strivings into the twilight 
of the depths of stellar space may be wit- 
nessed the powers of the creative im- 
agination, eternally dissatisfied with the 
mere to-day. 

The expressions of the creative im- 
agination are as many as the needs and 
emotions of mankind. Voltaire, in say- 
ing that Archimedes must have been 
gifted with at least as much imagination 
as Homer, struck upon a fundamental 
psychological truth, for the imagination 
is just as surely active in the discovery 
of a crucial natural law or in the de- 
vising of a scientific hypothesis as in the 
writing of an epic poem, the hewing of 
a Laocoon out of a block of marble or 
the composition of a great symphony. 

The popular notion has always seemed 
to be that the creative imagination 
brings forth something out of nothing. 
This is the mystic view. 

To a scientific psychology, and to sci- 
ence in general, what is called creation 
(new-formation) is after all /rans-forma- 
tion. This is the meaning of evolution. 
Elements, previously given in experi- 
ence, are recombined and altered so as 
to issue in novel patterns. And one of 
the greatest aids to a better understand- 
ing of the ways of the imagination is the 
study of the lives of the men who have 
wrought. 

Here we can do no more than point at 
random to a very few works evidencing 
the activity of the creative imagination. 
We think at once of Kepler, laboring 
patiently for more than two decades in 
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his search for the laws of planetary 
motion. There is Lippersheiin and the 
telescope which has resulted in an ex- 
pansion of the universe. There are 
Galileo and the hydrostatic balance, 
Torricelli and the barometer, Pasteur 
and the insignificant-looking test-tube, 
the wonders of our wireless transmission 
with its manifold forms and uses. All 
these, and an impressive array of others, 
represent the gradual growths and the 
brilliant bursts of the creative im- 
agination. 

In the halls of ancient and modern 
philosophy we contemplate the magnifi- 
cent constructions of Plato and Im- 
manuel Kant, holding out to us world- 
frames and interpretations of human 
values. 

In the domain of music, the heroic 
Beethoven uttering his Fifth and Ninth 
Symphonies, Chopin writing his unsur- 
passed tone poems, Schubert and the Erl 
King, Wagner in the home of the Val- 
kyries, the magic Scherzo of Tschai- 
kowsky’s Fourth Symphony in pursuit 
of the lights and shadows — these are 
heights of musical creation that extend 
into the very empyrean. Here, if any- 
where, does there seem to be a fashion- 
ing out of the void. 

Then witness the grandest poem of all 
time, the Book of Job, with its awe- 
inspiring portrayal of a human soul in 
conflict. Behold the ‘‘Prometheus 
Bound of Aeschylus, the inspirations 
of Milton and Dante and Shakespeare. 
Again, turn to “Les Mis6rables,’* with 
its sword-thrust into the social order of 
its day. In the world’s great literature 
each one of us who will may live over 
the strifes and aspirations of gods and 
heroes and common men. Herein lies 
the secret of these works, that they com- 
pel us to identify ourselves for the time 
being with their life and action. 

At last, behold the Faust in his old 
age. After a lifetime spent in futile 


pursuit of happiness, he finally turns to 
the gigantic scientific task of reclaiming 
vast expanses of land once inundated by 
the sea. 

This feat, undertaken in the first in- 
stance to demonstrate the power of man 
over the hostile forces of nature, now be- 
comes to Faust’s clearing spiritual vision 
an undertaking for the benefit of the 
human race. 

Below the hills a marshy plain 
Infects what I so long have been retrieving; 
This stagnant pool likewise to drain 
Were now my latest and my best achieving. 

To many millions let mo furnish soil, 

Though not secure, yet free to active toil; 
Green, fertile fields, where men and herds go 
forth 

At once, with v^omfort, on the newest Earth,. 
And swiftly settled on the hill's firm base^ 
Created by the bold, industrious race. 

Yes I to this thought I hold with firm porsia- 
tence ; 

The last result of wisdom stamps it true; 

He only earns his freedom and existence. 

Who daily conquers theuA anew. 

Thus here, by dangers girt, shall glide away 
Of childhood, manhood, age, the vigorous day: 
And such a throng I fam would see, — 

Stand on free soil among a people free I 
Then dared I hail the Moment fleeing; 

still delay — thou art so fair I** 

The traces can not, of mine earthly being, 

In eons perish, — they are there! — 

In proud forefeeling of such lofty bliss, 

I now enjoy the highest Moment, — this! 

Thus, in man’s unceasing struggle to 
attain mastery over the physical uni- 
verse without him and the mental uni- 
verse svithin him, he has passed from a 
relatively unconscious to a highly con- 
scious “Will to Illusion.’’ In the pro- 
gressive victory over nature, in the noble 
structures of philosophy and literature 
and in the monumental works of art, we 
see the eternal strivings of the human 
spirit breaking free of its trammels 
through the genius of the creative im- 
agination. For “it is part of the es- 
sence of action to be veiled in illusion..' * 
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There is one invention yet to be per- 
fected to make radio really successful 
from the standpoint of the speaker. 
For, I should like to ask those who are 
listening in this afternoon for a show of 
hands to ascertain how many of you 
have, at one time or another, had occa- 
sion to avail yourselves of the medical 
applications of x-rays. I did present 
this question to an audience which I was 
addressing some time ago and over 50 
per cent, of the hands went up. 
Whether this proportion is typical or 
not, I can not say, but certain it is that 
a very large number of persons in this 
modern world have reason to be thank- 
ful to Wilhelm Konrad Rontgen for his 
discovery of x-rays. When Rontgen 
went to his laboratory that morning, 
some thirty-five years ago, to continue 
his experiments in electric discharges in 
rarefied gases, little did he dream that 
before nightfall he would accidentally 
stumble on a new agency which within 
the next generation would give to the 
medical profession a new tool destined 
completely to revolutionize certain 
phases of medical practice, such as — to 
mention only a few — ^the location of de- 
fective teeth; the diagnosis and reduc- 
tion of fractures in bones; location of 
safety pins, bullets, marbles, or other 
trinkets in the human body; the obser- 
vation of the complete digestive tract; 
and the treatment of goitre and various 
malignant growths. 

These medical uses of x-rays are well 
known by everybody and, important as 
they are, I shall pass them by with only 


this comment: that if in 1894 some 
international medical society had of- 
fered a prize of $1,000,000 for an inven- 
tion which should assist surgeons in 
setting broken bones it is a safe bet that 
not one of the aspirants for the prize 
would have been working in a physics 
laboratory with glass tubes, rarefied 
gases, electricity and the like — the para- 
phernalia which led Rontgen to his 
famous discovery. Truly scientific re- 
search pays large dividends. 

Before discussing the other uses of 
x-rays, perhaps it is in order to say a 
word or two about their production and 
some of their properties. 

If you examine the tubes in your 
radio set you will find that they contain 
a small filament, not so large as the fila- 
ment of an automobile headlight bulb, 
which when heated by the electric cur- 
rent gives off electrons; that is, minute 
particles of negative electricity. This 
ability of certain heated bodies to emit 
electrons is the starting point of all 
radio sending and receiving sets. With- 
out it, we should have no radio. 

X-rays are produced in a highly 
evacuated glass tube or bulb in which 
there is a similar, but larger, filament. 
Now, everybody knows that positive and 
negative charges of electricity attract 
each other. In the tube opposite the 
filament is a metal terminal or target, 
frequently made of that very heavy 
metal tungsten, which is maintained at 
a very high positive potential, and 
which therefore powerfully attracts the 
electrons “boiled out of“ the hot fila- 
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ment. When these swiftly moving elec- 
trons are suddenly brought to rest as 
they strike the target, they produce 
x-rays. 

The process can be illustrated by an 
experiment which I wish to show you. 
I have here a tin pan and also a tin cup 
containing a pound or two of lead shot. 
When I strike the pan it emits a charac- 
teristic note like this (strikes pan 
gently several times) : you can locate 
the tone on your piano. 

Now I am going to hold the tin cup 
some three feet above the pan and 
slowly pour the shot into it. Listen 
carefully and don’t mistake what you 
hear for static. Now: (pours shot into 
pan). If your ear is accustomed to 
analyzing sounds you could hoar, 
amidst the rattle of the shot striking the 
pan, the characteristic note of the lat- 
ter. In short, the sudden stoppage of 
the shot by the pan produces sound 
waves which are made up of a noise plus 
the characteristic note of the pan. 

X-rays are produced in a somewhat 
analogous way. The tin cup corre- 
sponds to the filament of the x-ray tube. 
The shot corresponds to the electrons; 
the tin pan to the target; the force of 
gravity pulling the shot downward 
toward the pan is similar to the electric 
forces pulling the electrons toward the 
target; and the noise which you heard 
corresponds to the x-rays. 

Of course, x-rays are not actually like 
sound waves; rather they are exactly 
like light waves, only of far shorter 
wave length. It would take about 
50,000 light waves to make an inch; it 
would take 500,000,000 x-ray waves to 
cover the same distance. 

X-rays in reality have all the proper- 
ties of ordinary light. One of the most 
curious things about light is its ability 
to pass through certain substances such 
as glass, water, diamonds, etc. We are 
so accustomed to the fact that glass is 
transparent and that coal is opaque that 


we take it for granted. On the other 
hand, the ability of x-rays to pass 
through substances opaque to ordinary 
light is sometimes regarded as very 
strange. Actually, the behavior of 
x-rays is much more natural than is the 
behavior of ordinary light, for x-rays 
can pass through all substances, though 
in varying degree, some substances 
being more transparent than others. In 
general, the lighter substances are more 
transparent than heavy ones. Thus 
flesh is more transparent to x-rays than 
is bone ; and accordingly when the 
rontgenologist takes an x-ray picture of 
a broken bone, the bone casts more of a 
shadow on the photographic plate than 
the flesh does. And hence we get the 
so-called x-ray picture which is really a 
shadowgraph. 

This property of x-rays has led to a 
very important use in industry ; namely, 
the examination of various engineering 
materials such as castings, and other 
metal or wood parts, that go into the 
making of automobiles, airplanes, and 
the like, to locate possible hidden de- 
fects. For example, a casting may be 
perfect so far as the appearance of its 
surface goes, but hidden within it may 
be blow holes, sand inclusions, porous 
regions or small cracks, which obviously 
unfit it for use. Such defective parts 
have been the cause of many fatal acci- 
dents. It is now possible to examine 
such castings, particularly the smaller 
ones, by means of x-rays, in exactly the 
same way that the rontgenologist exam- 
ines a broken bone. And thus our 
automobiles, airplanes and high speed 
machinery generally may be made much 
safer through the agency of x-rays. 

The study of crystals is one of the 
most far-reaching purposes for which 
x-rays have been used. After I have 
finished speaking, sprinkle a few coarse 
grains of common table salt on a piece 
of dark paper and examine them with a 
hand magnifying lens. You will ob- 
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serve that a great many of the grains 
are little cubes — in reality little crys- 
tals. Who has not observed the ex- 
quisite patterns of snow flakes? And 
who docs not linger a little longer over 
the beautiful crystals in the mineralogi- 
cal collections in our large museums? 

Just as the magnifying glass makes it 
possible for you to see the individual 
salt grains, so the x-rays make it possi- 
ble to study the exact way in which the 
atoms in each crystal are piled together 
to make the crystal. This is a fascinat- 
ing study in itself and has led to results 
of great practical importance. For it 
has been found that not only are all 
materials, with very few exceptions, 
made up of little crystals, but that there 
is a close correlation between crystal 
structure and strength or other proper- 
ties. For example, x-ray studies of 
crystal structure give very valuable in- 
formation regarding the behavior of 
iron and the various steels as affected by 
rolling, drawing and heat treatment. 
The development of the process for 
making the tungsten filaments of mod- 
ern incandescent lamps — ^without which 
process we should probably still be using 
the old carbon lamps — was essentially a 
problem in crystal structure. 

In chemistry, x-rays have found many 
uses. You have all heard the answer 
which a certain lady received when she 
inquired of a chemist how she could 
ascertain whether her string of pearls 
were real pearls: “Put them in a glass 
of wine at night, “ said the chemist, 
“and if they are gone in the morning 
they were real pearls.’’ The chemist, 
when he analyses samples by ordinary 
chemical methods, must of necessity de- 
stroy the samples. But by means of 
x-rays he is now able to make many 
kinds of chemical analyses without de- 
stroying or even altering the substances 
under examination. 

The way in which this is accomplished 
is easily understood. Referring to our 


experiment with the shot and the tin 
pan : Suppose an assistant behind a 
screen had eight tin pans of different 
size each one of which emitted a charac- 
teristic note which, by previous test, you 
had located on the piano. By merely 
listening to the sound emitted when the 
assistant poured shot into a pan, you 
could tell which of the eight pans he was 
using. 

Now, by means of x-raya it has been 
found that there are exactly 92 chemical 
elements, of which 90 are known. Each 
one of these elements, when struck by 
the electrons in an x-ray tube, gives out 
a group of characteristic frequencies of 
x-rays. By identifying the various 
groups of x-rays emitted when a sample 
of material of unknown composition is 
used in the target of an x-ray tube, the 
composition of the sample can be 
determined. 

One of the most fascinating uses of 
x-rays has recently been discovered by 
biologists. It has always been a puzzle 
to know how the millions of different 
kinds of plants and animals originated. 
Some early students of evolution held 
that the polar bear, for example, devel- 
oped a warm, protecting coat of fur 
because of the environment of the Arc- 
tic in which he lives. This view-point 
has been inverted by many modern biol- 
ogists who now hold that environment is 
not the cause of the development of new 
species, but that, rather, the polar bear 
is able to live in the Arctic because, dur- 
ing the long process of evolution, he had 
previously been provided by nature 
with a warm, protecting coat of fur and 
was able to live in the Arctic. Accord- 
ing to this view, new species of animals 
and plants arise from what are called 
“mutations’’; that is, abrupt changes in 
characteristics. The offspring may be 
substantially like the parents for many, 
many generations. Then suddenly, and 
without any apparent cause, a new 
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species appears, differing from the 
parents in some essential characteristic. 
The sum-total of such clianges or “mu- 
tations’’ over millions of years has, 
according to this view, resulted in the 
great variety of life which we find 
to-day. 

But how do these mutations come 
about? It is just possible that through 
the agency of x-rays the biologist may 
be able to find an answer to this ques- 
tion. It has been found, rather re- 
cently, that the seeds of plants or the 
eggs of insects, if exposed to x-rays 
before planting or hatching, develop a 
far larger number of progeny differing 
from the parent than is found without 
such exposure. Here then the biologist 
has a new tool which appears to make 
possible the artificial production of new 
species. 


Intensive studies of this new effect of 
x-rays are now under way, partly with 
the hope of shedding new light on the 
mechanism of evolution; partly to de- 
velop if possible new species of plants or 
animals of commercial value. 

This new field of research bids fair to 
yield very startling and far-reaching 
results, but happily, there is no imme- 
diate prospect that the biologist, by a 
few doses of x-rays, will be able to turn 
monkeys into men, or vice versa. 

Transcending all the above applica- 
tions arc the uses which the physicist 
has made in acquiring a deeper insight 
into the structure of atoms, the nature 
of radiant energy and the interrelations 
between these two entities which make 
up the entire physical universe. But 
this is too long a story to tell you this 
afternoon and hence I bid you “adieu.” 


THE EARTH AS AN ENGINEERING STRUCTURE 

By Dr. WILLIAM BOWIE 

CHIEF, DIVISION OP GEODESY, U. S. COAST AND GEODETIC SURVEY 


Human beings have lived on the earth 
for many thousands and possibly mil- 
lions of years, but it is only within the 
last few decades that man has found out 
some of the essential and fundamental 
facts connected with the earth that are 
needed to discover those processes which 
have continuously changed the elevations 
and geographic positions of points on its 
surface. 

The earth is not so mysterious after all, 
unless we acknowledge that all science 
is mysterious. If we use the fundamen- 
tal principles of physics and engineer- 
ing, we are able to attack and under- 
stand earth problems much more clearly 
than if we merely assume that the earth 
is a puzzle and that everything that is 
happening on its surface is mysterious. 

There are some things that we know 
rather definitely about the earth — ^its 
shape and size, for e^^ample. These have 


been determined by very accurate ob- 
servations made on the stars for latitude 
and longitude and by the measurement 
of distances between the astronomical 
stations by means of triangulation. As 
the distances are measured with great 
accuracy, the dimensions derived for the 
shape and size of the earth are corre- 
spondingly accurate. It is rather inter- 
esting' to note that the most accurate de- 
ter ij4i nation of the dimensions of the 
earth was made by the Coast and 
Geodetic Survey. As they are the most 
accurate values known these dimensions 
have been adopted by the International 
Geodetic Association. 

Another thing we know about the earth 
is its density, which is about five and 
one half times the density of water. The 
density of the surface rock averages 
about 2.7 times that of water. Since we 
know the average density of the earth 
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and its size, we also know its total mass. 
We know that the earth is not a stable 
structure — it is yielding continuously to 
forces which are acting on it. Areas 
that were once beneath the level of the 
sea are now high in the air as plateaus 
or mountains. We know this because 
fossil sea shells are present in these ele- 
vated rocks and it is certain that the 
amount of water on the earth’s surface 
was never so great as to have stood at 
the elevations at which we find the re- 
mains of the sea animals. There are 
areas that once were above sea-level and 
had mountains and plateaus, which are 
now below the surface of the sea. There 
are areas where rocks are found which 
have been pushed horizontally for a mile 
or more. 

The earth is subject to tremors from 
earthquakes, which occur at frequent in- 
tervals. An estimate has been made that 
there are approximately 8,000 known 
earthquakes every year. These are the 
quakes whose tremors are recorded on a 
very delicate instrument called the 
seismograph. There are not very many 
seismograph stations in the world, hence 
it is reasonably certain that if such sta- 
tions were placed close together many 
more thousands of earthquakes would be 
recorded yearly. 

There are many volcanoes on the 
earth’s surface belching forth lava, rock 
and smoke. These volcanoes must be 
vents in the outer portion of the earth, 
which extend down to regions where the 
temperature is so hot that the rock is 
melted with the rupturing of the rock 
above. 

We know that the temperature of the 
earth increases as one goes down from 
the surface. The temperatures at dif- 
ferent depths are taken in mines and in 
wells that are drilled for oil or water. 
The increase in temperature with the 
depth changes from place to place, but 
the average is 1 degree Centigrade for 
about 100 feet in depth. If this rate con- 
tinues down to the center of the earth, 


the temperature of the center must be 
many thousands of degrees. We do not 
know whether the temperature increases 
all the way to the center, but at least it 
must continue for some miles below the 
surface, for otherwise there would not be 
hot springs, volcanoes and outflowing 
lavas. 

We know that at present there falls 
to the land area of the earth annually 
an average of about thirty inches of 
water in the form of rain. The time of 
the beginning of the formation of sedi- 
mentary rocks, according to the best esti- 
mate, was approximately a billion and 
a half years ago. There must have been 
rain at that time, for sedimentary rocks 
can not be formed unless there is run- 
ning water. We may also assume as a 
certainty that at the beginning of the 
sedimentary age, a billion and a half 
years ago, the earth’s surface was ir- 
regular, probably as irregular as it is to- 
day. If the rate of rainfall has been 
continuous during this billion and a half 
years, there could have been three 
quarters of a million miles of rain. 
When water falls to the earth as rain, it 
tends to go to lower levels, to the valleys 
and rivers, and eventually much of it 
goes back to the sea. This water carries 
with it in suspension and solution much 
soil and organic matter. It has been 
determined by the Geological Survey 
that the rivers of the United States in 
9,000 years carry to tidal waters an 
amount of material in suspension and 
solution equivalent to a layer of earth 
one foot thick covering the entire coun- 
try. This rate of erosion, or moving of 
material to tidal waters, may seem very 
slow, but it amounts to a mile of erosion 
in about forty-five millions of years. 
Since rain has been falling for approxi- 
mately a billion and a half years, thirty 
miles of material could have been re- 
moved if for any area this rate has been 
maintained. Of course, no such amount 
of erosion could have occurred in any 
particular area. 
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The waters of the ocean, if spread uni- 
formly over the whole earth, would be 
about 9,000 feet in thickness, somewhat 
less than two miles. This water has 
been used over and over again, thousands 
of times, during the sedimentary age in 
order to furnish the rain that has fallen 
back to the earth. This is the reason 
why the sea- water is so salty. Every bit 
of water that goes to the ocean has some 
solid matter in solution. During the 
evaporation this solid material is not 
taken up into the atmosphere but is left 
behind. Eventually the waters of the 
sea became saturated, as they are to- 
day. 

The evaporation of the sea-water is 
necessarily due to the heat received on 
the earth from the sun, and we may 
therefore say that we shall have rain as 
long as the sun shines. When the sun 
ceases to exist, if ever, the earth will be- 
come an inert mass, because it will be- 
come extremely cold and there will be no 
evaporation and rain. 

During the processes of erosion and 
transportation of material from the con- 
tinents to the tidal waters, there is a 
disturbance of the equilibrium of the 
earth ’s crust — some parts are overloaded 
and other parts arc underloaded. This 
causes a pressing down under the heavy 
weights of sediments, such as we have 
at the mouth of the Mississippi River 
and an elevation of areas which have 
been undergoing erosion, such as the 
Rocky Mountains, which have been 
made lighter. 

It has been found by geodetic engi- 
neers working in different countries, but 
principally by the Coast and Geodetic 
Survey of the United States, that the 
outer portion of the earth, to a depth of 
approximately sixty miles, is composed 
of solid rock. This rock will break when 
forces are acting upon it for a long time, 
provided the forces are of sufficient 
strength. The interior of the earth, on 
the other hand, has been found to be 
composed of material that will yield 


like plastic matter to forces that are act- 
ing on it for long periods of time, say 
tens, hundreds or thousands of years. 
This interior material behaves like an 
elastic structure when forces are acting 
on it only for a short time. Such forces 
are the tremors that go out from an 
earthquake, and the tide-producing 
forces of the sun and the moon which 
change phase several times a day. 

The result of this condition of a solid 
shell and a plastic interior is that under 
the heavy loads of sediments, which are 
deposited along the coast of a continent 
by its rivers, the solid material is forced 
down and the sub-crustal material is 
moved back towards the areas from 
which the sediments were derived. The 
outer shell, frequently called the earth's 
crust, rests on the interior material very 
much as a raft formed of logs rests upon 
a body of water. There is an equili- 
brium, established by the yielding to 
these loads of the outer shell of the earth, 
that is given the name ‘ ‘ isostasy. ' ' This 
is a term derived from Greek words and 
it means “equal pressure" or “equal 
standing." The earth is in isostatic 
equilibrium, and whenever materials are 
moved over its surface by streams or 
rivers there is a tendency for the equili- 
brium to be restored. Of course, the 
earth's surface does not yield to very 
small loads — a few hundred or a thou- 
sand tons — or even to a few millions nf 
tons, but after a river, like the Missis- 
sippi, has been sending solid material to 
the Gulf for a great many years, the 
crust near its mouth will be under such 
a stress that it will be pushed down to 
restore balance. 

Since the temperature of the earth in- 
creases with depth, it is certain that the 
crustal material, which is pushed down 
under heavy loads of sediments, reaches 
regions which are normally hotter than 
the regions previously occupied. Even- 
tually this crustal material takes on new 
temperatures and that causes an ex- 
pansion that forces the earth's surface 
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upward. Here we have an explanation 
of the phenomena that earth materials, 
once below sea-level, are now lifted high 
up in the air. 

Where erosion has been going on for 
thousands or millions of years, the 
earth ^8 crust will be pushed up to re- 
store the isostatic equilibrium. During 
this process the crustal material will be 
raised into colder regions, and eventu- 
ally it will be cooled down. This will 
cause a contraction and carry the earth’s 
surface down, perhaps even below sea- 
level. 

It would seem, from what has been 
said, that we must have four distinct 
causes of changes in the elevation of 
places on the earth’s surface and of 
earthquakes. First, is the sinking of the 
earth’s rocks under the load of sedi- 
ments ; second, the elevation of the 
crustal material as it is pushed upward 
under the area of erosion ; third, the ex- 
pansion of crustal material which has 
been pushed down by the sediments into 
hotter zones ; and fourth, the cooling and 
contraction of crustal material which 
has been pushed upward under areas of 
erosion. 

It will be seen that we have been 
treating the earth as an engineering 
structure, such as a bridge or a building. 
We can follow through some of the proc- 
esses that are common to the physical 
laboratory and to engineering field work 
in the moving of materials of the earth. 
There is no such thing as a rigid earth. 
It is a yielding structure and it will con- 
tinue to be a yielding one as long as we 
have rain and sunshine. It is very 
fortunate that the earth is not composed 
of material of prodigious strength. If it 
were, forces would accumulate until they 
overcame the strength of the earth’s 
materials and then there would be an 


earthquake which would be vastly more 
destructive than those we are accustomed 
to. Strange as it may seem, the more 
earthquakes we have the safer we are, 
because the more we have the smaller 
will be the intensity of any one of them. 

Earthquakes are caused by rock break- 
ing, and what is called the epicenter, or 
point at which the break occurs, must be 
within about sixty miles of the earth’s 
surface. It is reasonably certain that 
most of the earthquakes occur within 
thirty miles of the earth’s surface. 

We hear much about this or the other 
earthquake being more destructive than 
some other one, but we are very apt to 
rate an earthquake in accordance with 
the damage it does to human structures. 
An earthquake may occur in the center 
of a great desert and may create a great 
gap in the earth’s surface, but may not 
destroy any human habitations because 
there are none near. Another earth- 
quake of much less proportion may dam- 
age buildings and destroy human lives. 
The earth’s surface has been subject to 
earthquakes for hundreds of millions or 
a billion of years. Since we can not 
prevent them we should apply our 
science and engineering to the problem 
of building our structures in such a way 
as to resist the shaking. 

The earth will never collapse, but the 
mountains are not everlasting, and we 
will have earthquakes as long as the sun 
shines and we have evaporation and 
rainfall. Earthquakes will stop only 
when the sun no longer shines, but this 
probably will not occur for hundreds of 
millions of years. We must accept 
nature as it is, treat the earth as an en- 
gineering structure, and erect our build- 
ings and other structures with a view to 
resisting those forces of nature which 
are constantly at work. 
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WHO IS THE AMERICAN INDIAN? 

By Reverend JOHN M. COOPER 

PROFESSOR OF ANTHROPOLOGY, CATHOLIC UNIVERSITY OF AMERICA 


The purpose of this short talk is to 
answer some of the questions that arc 
more commonly asked about the Ameri- 
can Indian. 

We shall take up in turn his physical 
structure, his mental level, his lan- 
guaj^es and his culture. 

Physically, the Indian is a member 
of the great Mongolian division of tlie 
human race. He shares with the North- 
ern and Eastern Asiatic peoples their 
lank black hair, their yellow-brown 
skin, their broad face, and a number of 
other characteristics. In fact, there are 
some peoples living to-day in Northern 
Asia, who if transported into the midst 
of an American Indian Reservation, 
could not bo distinguished physically 
from the Indians themselves. The 
Eskimo is merely a specialized variety 
of the general American Indian type, 
just as the Chinese and Japanese are 
specialized varieties of the Asiatic Mon- 
golian typo, or just as the tall, blond, 
blue-eyed Northern Europeans are spe- 
cialized varieties of the Caucasian typo. 

Intellectually, the American Indian 
can not be proven to differ appreciably 
in average mental level from the white 
man. We have no conelusive scientific 
ground to show that the Indian is in 
the least inferior in average mentality 
to us of the white race, — if that is say- 
ing anything to his credit. Certain 
psychological tests, have, it is true, 
shown a gross margin in favor of the 
white man, but it is highly questionable 
what conclusions, if any, can legiti- 
mately be drawn from such gross differ- 
ences in relative scores. These differ- 
ences, so far as our present knowledge 
goes, may be due entirely to differences 
of social background, or of language, 
or to other factors that have little or 


nothing to do with basic intelligence 
proper. For instance, in one series of 
tests given recently, the Indian children 
examined ranked low on the proverb 
tost but high on the story-memory test, 
both being tests of the Otis Group In- 
lolligoncc Scale. These results are in 
all likelihood due not to mentality as 
such, but to differences in training, edu- 
cation and social background. The use 
of pr()V(*rbs is a culture trait wide- 
spread over the Eurasiatic and African 
continents, but practically unknown on 
the whole American continent. Story- 
telling, however, is decidedly native to 
American Indian culture. It is natural 
enough then, in view of the Indian’s 
cultural background, that Indian chil- 
dren should rank low in tests built upon 
knowledge and grasp of proverbs, and 
high in tests built upon retentivencss of 
iiKunury as regards stories read or told 
to them. 

So far as language is concerned, our 
Indian languages and linguistic stocks 
are totally distinct from all other lan- 
guages and linguistic stocks of the 
world. Some recent efforts have been 
made to prove kinship between some of 
our Indian languages and the languages 
of Melanesia and Australia, but the 
conclusions drawn, while interesting, 
are m ry far from convincing, and have 
not won any appreciable acceptance 
among specialists in the field. On the 
whole American continent there are 
more than one hundred and fifty ab- 
solutely distinct linguistic stocks, — 
stocks quite as distinct one from the 
other as are our English and other 
languages of the Indo-European stock 
from Chinese or Bantu. For instance, 
the languages spoken by the Iroquoian 
peoples of New York State are as ut- 
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terly distinct from the languages that 
were spoken by the neighboring Algon- 
quian peoples of New England and the 
Middle Atlantic States as French or 
Spanish is from Malay. Where and 
how these hundred and fifty and more 
absolutely distinct linguistic stocks de- 
veloped, we can not say. They may 
have developed under tribal isolation 
after the arrival of the Indian in 
America or may have developed in his 
prehistoric home land in Asia before 
his migration to the American conti- 
nent. We may add that Indian lan- 
guages are just as logically and syste- 
matically constructed as are the lan- 
guages of civilized peoples. Naturally 
they differ as regards grammar in many 
important respects from our own Indo- 
European tongues, but their grammati- 
cal processes are worked out just as 
regularly and just as logically as in 
our own language. Nor are these lan- 
guages lacking either in euphony or in 
abstract terms. 

The culture or civilization of the 
American Indian has in the main, so 
far as our best evidence goes, developed 
on the American continent itself. Many 
of the most characteristic inventions, 
customs and concepts of the eastern 
hemisphere are quite absent from aborig- 
inal America. Such, for instance, are 
the use of the wheel, of domesticated 
cattle, of proverbs, of alphabetical 
writing, and of a great number of other 
traits. On the other hand, the Ameri- 
can Indian had much that man in the 
eastern hemisphere lacked. In agricul- 
ture, for example, the American Indian 
cultivated about forty major plant 
foods, all or nearly all of which are 
found in the wild state in America and 
none of which was found either wild or 
cultivated in any other part of the 
world prior to the coming of the white 
man to the American continent. Maize 
or corn, white and sweet potatoes, kid- 
ney and lima beans, pumpkins and 


squash, tomatoes and many other plant 
foods that are staple for us to-day are 
borrowed from the Indian. 

Among the Indians, as among the 
other major divisions of the human 
race, great differences prevailed in the 
level of material culture. In both the 
far northern and far southern belts of 
the American continent, culture was 
relatively very simple, without agricul- 
ture or weaving, and commonly without 
complicated tribal organization or even 
the chieftaincy. These far northern 
and far southern belts of the continent 
are marginal to the great central belt 
that extended roughly from the Great 
Lakes in North America to southern 
Chile and northern Argentina in South 
America. In fairly sharp contrast to 
the dominantly hunting and fishing 
peoples of the marginal belts, nearly all 
the peoples of the great central belt 
were fairly sedentary farmers, whose 
staple foods were chiefly beans, squash, 
potatoes, manioc, and particularly 
maize. Still more centrally located, 
from the northern Mexican highlands, 
down through Central America along 
the western coast of South America to 
what is now northern Chile, there 
thrived a much more advanced culture 
that attained a high degree of skill in 
architecture and carving, quite ad- 
vanced political and social institutions, 
and, among the Mayas in particular, a 
remarkable system of writing and an 
astonishingly accurate method of time- 
reckoning. 

In this focal area were the beginnings 
of a civilization of great attainment and 
of still greater promise before and at 
the time of the coming of the white man 
in the sixteenth century. Enormous 
strides had already been made beyond 
the simpler levels of primitive Ameri- 
can culture. Had the white man not 
so ruthlessly put an end to this spring- 
time budding of native Indian civiliza- 
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tion, it is more than probable that, by 
this time, there would have been a ma- 
turing and flowering of civilization on 
the American continent quite compar- 
able to that attained in the golden 
periods of the civilizations of Egypt 
and Mesopotamia and, later, of the 
northern Mediterranean area. 

Whence came the Indian originally? 
His physical resemblance to the Mon- 
golian race appears to show pretty 
clearly that the Indian must have come 
from the Asiatic continent. It is, of 
course, quite possible that occasional 
wanderers may have sailed or have 
been driven by storms across the Pacific 
or even across the Atlantic to our 
American shores. But if so, these 
sporadic migrants seem to have left 
little or no impression on either the 
physical constitution or the culture of 
the aboriginal American population. 
Our main evidence points toward the 
conclusion that the bulk of our Indians 
came over by way of Bering Strait or 
its neighborhood. It is likely, too, that 
they came over, not in one great mi- 
gration, but in smaller bands or driblets 
through successive centuries. Both our 
archeological and our ethnological facts 
seem also to point to the conclusion 
that these little bands, at their arrival 
on the continent, were at a relatively 
primitive level of culture, without do- 
mesticated plants or animals, except 
probably the dog, without pottery, 
weaving or other of the more advanced 
industrial arts. 

How long ago this migration or these 
migrations occurred can not be deter- 
mined with any accuracy. There have 


been no such migrations to our knowl- 
edge since the discovery of the continent 
by the white man. It has been custom- 
ary to consider that the Indian is a 
comparatively recent arrival on the 
American continent. Some of the more 
recent archeological finds as well as 
some of the ethnological and linguistic 
data are, in the opinion of some anthro- 
pologists, throwing a little doubt on this 
assumption. We have definite archeo- 
logical and geological proof for the 
great antiquity of man in Europe, 
Northern Africa, Eastern Asia and 
China. But to date we have no scien- 
tific proof that man has been on the 
American continent any vast length of 
time. An estimate of ten thousand 
years for man on the American conti- 
nent would seem to cover with a good 
margin such scanty facts as we have 
bearing on this problem of age, but it 
is not at all impossible that further 
evidence may oblige us to put his com- 
ing to America at a considerably earlier 
date. 

The present speaker is neither a 
prophet nor the son of a prophet and 
so is reluctant to suggest even tenta- 
tively what the future may hold in 
store for the Indian. More commonly, 
where a minority race lives side by side 
with a majority one under the same 
cultural and political institutions, the 
minority race tends to be absorbed into 
the majority race and so to lose its cul- 
ture, its language and it.s physical iden- 
tity. Whether or not this will actually 
occur as regards the Indians of the 
United States, only the future can 
disclose. 
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Introduction 

Thebe are two features of partioular 
interest in regard to the landslide at 
Point Firmin, California; first, that a 
considerable Wy of bed rock on the 
coast is slowly moving into the sea, and 
second, that detailed observations have 
been, and are being made on the rate of 
the movement. This movement is tak- 
ing place with snffloient rapidity to af- 
ford an exceptional opportunity of actu- 
ally observing the various stages of a 
notable alteration of part of a coastline 
by shifting of bed rock. 

The landslide is taking place just east 
of Point Firmin at the southern end of 
San Pedro, which is a part of the dty 
of Los Angeles. The movement was first 
noticed early in January, 1929, and it 
has continued without interruption ever 
since. 


On May 7, 1929, Dr. F. L. Ransome 
made a report on the landslide to the 
city of Los Angeles. On August 28, 
1929, Ralph Arnold, M. H. Bissell and 
the writer, with much more data avail- 
able, made another report to the city. 
Several times since our report was made 
the writer has visited the locality, noting 
the changes made during the progress 
of the slide. 

General Character and Extent of 
THE Landsudb 

The slide involves about five acres of 
bed rock on land, and an apparently 
much larger, though rather indefinitely 
known, body of bed rock under the sea, 
as indicated by Figs. 1 and 2. This 
whole block of sliding rock, measured 
from north to south, is probably one half 
of a mile long. It is one fourth of a 
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FIG. 2. FROFTLK AND STin"CTrj?E HECTION 

OF THE BODY OF SUBIXC, BEH KO(’K AT POINT FlKMlN. LeVGTU OF SECTION ABOl T ONE HALF 

OF A MILE 


iiiilo wide at tlie slion^liiu*. and probably 
much wider out under the s(»a. This 
largo mass ol* rock is breaking away from 
the mainland, leaving in its wake an 
ever-A\idoning fissure. 

The main fissure, Avhieh is ereseent- 
sliaped (Fig. 1), is plainly exposed for 
a distance of one third of a mile It is 
as inueh as 8 or 10 feet wide at the toj) 
Because of slumping of material from 
the walls, it is impossible to look down 
into the fissure more than 30 or 40 feet, 
but it is quite certainly much deeper 
than that. 

During the progress of the slide many 
secondary cracks and crevices have de- 
veloped, especially on the inner side of 
the crescent in the vicinity of the main 
fissure. There are often small down- 
faulted and tilted blocks between the 
crevices. The Assuring and cracking of 
the ground have caused a number of 
buildings to be either wrecked or badly 
damaged, while others have been moAed 
away. Where the ever-widening main 
fissure crosses streets an attempt is be- 
ing made to keep it filled with dirt (Fig. 

3). 

The land area of five acres involvinl in 
the slide forms part of the lowest (young- 
est) of the wTll-known series of marine 
terraces of the San Pedro Hills. The 
top of the soil-cov('red ten*aec slopes 
gently seaward, and it terminates 
abruptly in a sea cliff about 100 feet high 
(Fig. 4). 

Since the landslide began, a number 
of small new faults have developed in 


the sea cliff within the sliding block, 
mostly within a few' hundred feid of the 
main fracture in the cliff on each side of 
the block. It is dang(»rous to w'alk along 
till* base of th(‘ cliff because of falling 
rocks dislodged by thes(» movements 
The masonry stairway on the Avi\st(u*n 
side has been partly demolished by the 
faulting and by falling of rock massiNS 

The Boi’ks avd Tueik Sthpi’tuke 

The rocks underlying the block of land 
involved in tht‘ slide are Avell-bedded 
shales and sandstones of Tertiary age, 
overlain by several feet of adobt^ soil. 
The strata, excellently exposed in the sea 
cliff in and near the sliding mass, show’ a 
general seaAvard dip of 10 to 22 degrees, 
Avith dips of 10 to 15 degrees prevalent. 

Light gray shale greatly predominates 
in the upper tw'^o thirds of the svn cliff, 
Avhile gray, porous sandstone, from 
Avhich water oozes, makes up the loAvm* 
part of th(‘ cliff. From the base of the 
cliff down for hundreds of feet the for- 
mati^ n is largely shale as sliowii by the 
log of an oil well drilled at the foot of 
the cliff. 

The dips of the strata are indicat(*d on 
the accompanying map. They clearly 
proA'e that the sliding block of land is 
situated on the flank of a plunging anti- 
cline, and that the main fissure on the 
eastern side of the block at the base of 
the cliff is close to the axis of the anti- 
cline. At the base of the cliff, along the 
A\estern side of the sliding block, tliere 
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FJG. a. T.OOKING INTO TllK MAIN FISST’RK 
NEAR (UROLINA STRKI T. AllTIFiriAL PILL IN THE PLSTANI K (JlILV 1, 1930). 


is H sliarp strnetiiral bmik or diskwa- 
tion as iii(li(*at(Ml by tbo dips. 

The rocks and structural features 
above mentioned extend out under the 
very shallow sea (maximum depth, 25 
feet) for a eoiisiderable distance, very 
likely to the deeper water about 2,000 
feet off-shore. The shape and extent of 
this shallow, as shown on the Coast and 
Oeodetie Survey chart, strongly suggest 
that the structural lines bounding the 
eastern and western sliding block of 
land also bound the shallow, or, in other 
words, that this shallow is the seaward 
extension of the landslide. 

Nature and Rate of the Movement 

In the spring of 1929 the city engineer 
established eight survey lines across 
various parts of the main fissure or frac- 
ture. Three of these are shown on the 


accompanying map. Since the lines 
were laid off, wei^kly observations have 
been made to determine the character 
and rate of movement of the landslide. 

It has been found that, to June 18, 
1930, the middle portion of the sliding 
block has moved seaward 7.66 feet. 
This is along line of Fig. 1. Dur- 
ing the same time the western portion 
of the block has moved seaward 8.11 
feet as proved by dislocation of line 
while the eastern part, shown by 
dislocation of line has moved sea- 

ward 6.52 feet. The general outward 
movement of the whole block has, there- 
fore, been at an average rate of about 
one tenth of a foot per week. The move- 
ment along line has been as low as 
five hundredths of a foot and as high as 
five tenths of a foot, no week having 
failed to show distinct movement on any 
of the survey lines. Movement along 
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the other liiu‘S has also been somewhat 
similarly variable. 

It is an uit(*restin«? fact that the slight 
earth(|uakc of July 8, 1929, was followed 
by a distinctly accelerated movement of 
tli(‘ landslide, the faster movement last- 
ing about two months and reaching a 
maximum of over five tenths of a foot 
during the w(‘(»k ending August 21. 

The general outward or seaward move- 
ment of the block has been accompanied 
by much less downward movement, rang- 
ing from a little le.ss than a foot to about 
21 feet. 

There is rather clear evidence that the 
mass of shale in the upper part of the 
sea cliff has moved slightly faster than 
the rocks lower down in the cliff, and 
liansornc (May 7, 1929) thought it pos- 


sible that the whole slide might liave 
been thus superficial. Evidence made 
available since that tinu*, however, ren- 
d(TS it certain that the mov(*ment is 
much more deep-seated. 

During the summer of 1929 the test 
hole (Pig. 1) drilled by the city to a 
depth of 140 feet w^is found to be sheared 
off a little above sea-level, while the oil 
w’ell south of it w'as sheared off a little 
below sea-level. This pro\cd the ex- 
istence of a shear zone or sliding surface 
within the landslide and at an angle 
corresponiling to the dip of the strata. 
This sliding surface is indicated in Pig. 
2 by the heavy line just under the 
smaller arrow's. 

Lines ‘‘P’’ and were laid off on 
bed rock at the base of the cliff below 



FIG. 4. yCENE WHEKE THE M.\1N FKACTUllE 

AMD MINOR FAULTS CUT THE SEA CLIFF OS THE W^ESTERN SIDE OF THE LANDSLIDE. THK LAROE 
MASS OF RECENTLY F.\LLEN ROCK DEBRIS HAS PARTIALLY DESTROYED THE MASONRY STAIRW’^AY 

(July 1, 1930). 
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FIG. 5 A BLCK^K OF LAND 

WHICH HAS SUBSIDED AHOl T 8 FEET ADJACF.NT TO THE MAIN FISSURE 150 FKKT WEST OF THE 

coRNKit OF Pacific Avknuf. and Paseo 1)FI4 Mar (Juia 1, 1030). 


higli tide level. The dislocation of one 
of these lines to tiio extent of 8.11 feet, 
and the other to the extent of (i 52 feet, 
with accompanyiiijy: d(*velopinent of 
abundant fault breccia and .slick<‘nsides, 
shows these movements to be of deep- 
s(‘Hted character. The sharp change in 
strike and dip of tlie strata along line 
also supports tliis idea. It seems 
impossible, therefore, to avoid the con- 
clusion that the really important sliding 
surface (or surfaces) is much farther 
down than the one near sea-level at the 
base of the elilf. 

Causk of the Slide 

The fundamental cause of the land- 
slide lies ill tlie character and structure 
of the rocks. The whole landslide block, 
including its extensive undersea portion, 
and consisting very largely of slippery 


shales on the flank of a distinct anticline 
with a strong seaward dip, was in such 
a condition of instability that, under the 
action of gravity, it Anally began to 
break away from the mainland to mo\e 
down the dij) on one or more rather 
deep-seat(‘d .slippery shale zones. Con- 
tributing factors may have been tin* 
abrupt termination of the landward por- 
tion of the slide in a high steep cliff, and 
of the seaward portion in a le.ss .steep 
slope where the deeper water begins 
(Pig. 2). Another contributing factor- 
may have been waliT, used for irriga- 
tion in this part of San Pedro, entering 
certain of the shaly zones. 

PlTTimE OF THE LANDSLIDE 

The movement of th(» land.slide is lik(‘ly 
to continue for years, as sugge.sted by 
the rather remarkably steady sliding 
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<liiriii;^ tho past year and a half. As the 
aetion proceeds more cracks, fissur(*s and 
small slumping and tiltin;? blocks are 
developing within the mass of sliding 
land. The writer believ<*s it to Ixi likely 
that tlie seaward, downward, breaking- 
np aetion eontinne until tln» topog- 
raj)liy of the landslide area will more* 
or less resemble that in the vicinity of 
PortngU(‘se Point on the coast o miles 
west of l^oint Firmin. It seems (wident 
that profound landslide aetion, [irobably 
similar to that no\v in an incipient stage* 
nt‘ar Point Firmin, broke the land all to 
pieces, producing a jumbhsl group of 
hummocks and depr(‘ssions, within an 
ai’ca a mile long and half a iiiih* wide in 
the vicinity of Portuguese* Point. The 


San Pedro Hills ejuaelrangle published 
1)3' the U. S. (ieoieigical Surve'3^ j)laiiil3' 
shows the disturbed teipeigrapliic ceiueli- 
tion near Portugimse* l^)lnt. This ac- 
tieni ejiccurre'el in ve*ry late Quateriiar3' 
time afte*r the* otherwise remarkably pre- 
serve'el lowest (younge\st ) marine ter- 
rae*e* was cut. 

(li\e‘n a se»ase)n (en* se*\e*ral se*ase)ns) of 
eM'e*p1ie)nalbv he»av3' rainfall te) lubricate* 
the slieling surfae*e*s, anel an e*art hepiake* 
of ee)nsiele*rable* se*\e*rit3' to furnisli an 
e*xtra impulse*, it is not unreaseinable tei 
think that the wlmle mass of slieling reick 
ne^ar Point Firmin might be set into elis- 
astrous motion. It is far more likel\', 
however, that the slower me)ve*ment will 
continue for a hmg time. 
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THE HOOKER MEMORIAL AT HALESWORTH 

Tuk unveiling and dedication of a The association with Halesworth is as 
memorial tablet in St. Mary’s Church, follows : William J. Hook(»r (b. Xor- 
Halesworth, Suffolk, to the eminent wieh, 1785) developed a strong leaning 
botanists, Sir William and Sir Joseph towards natural history wliich acquired 
Hooker, father and son, happily syii- a definite botanical direction. Under 
ehronized with the opening of the In- the advice of his future father-in-law, 
ternational (’ongress of Botanists at Dawson Turner, he took over the inan- 
Carnbridge A large jiarty went over agement of a brewery at Halesworth in 
by road to attimd the ceremony (Sun- 1809, and it was here that his sou Sir 
day, August 17, 1980), including a Joseph was born in 1817. Pre()ccuj)ied 
generous sjirinkling of representative with his botanical inten*sts, it is not 
Americans surprising that the brew(‘ry should have 
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SIK JOSEPH J)ALTO\ HOOKKK 


as a nioiicy-niakiiij? proposition 
in his hands. Tlio financial sti’injyoncy, 
liowovor, was tin* turning? point in his 
eamT wht*n, in ]82(), ho accepted the 
chair of botany at (tlasj^ow, whicli Sir 
Josejih Banks’s influence secured for 
liini. Twenty years later (1841) Sir 
William became the first director of the 
Royal Botanic Gardens, Ivew, and on his 
death in 1865 he was succeeded by his 
son Sir Joseph. 

Althouj?h the ten years’ connection of 
Halesworth with the Hookers had 
passed out of local memory, all classes 
of the community welcomed the pro- 
posal for a Hooker Memorial and paid 


due honia^^e to Ilnur fellow to\Misnn‘n of 
a hundred \ears ajjfo. The service of 
dedication (A\hich was fully choral) 
under the direction of the rector, the 
Rev. II (\ Newbery, Avas as beautifully 
rendennl as it could have been in any 
Enji:lish parish church \vhatso(‘V(*r ; the 
actual unveiling was perfornn'd by Sir 
DhakI Prain, ex-director of Kew and 
successor to tin* Hookers; and the 
Bishop of St. Edmnndsbnry and Ips- 
wich delivered a Avell-balanced address. 

Some 150 botanists and naturalists 
came from outsidi*, and, with the toAvns- 
peojde, filled the church The Brewery 
House Avas throAvn open to visitors by 
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TllK MKAIORIAL TAUl.KT TO SIR WH-MAU AN]) SIR .fOHKPIl HOOKRR 

M IlIFIf TTAR BEEN HM’KNTLY ILWKILM) IN St. MARY ’S ('ill KCU AT 1 1 AM- SV\ OKTIT, Si FFOLK 
Tli^ TVBLFT MAS nUlKAThP AT TIIF TIME OF THE OPENING OF Tllh PlKTH J NTERX ATION \L 

lUVI^NKAL CONOKKSS l\ KnOLANI). 


tlio iirosHiit oMHor, Miss Parry, ami 1('a 
was s('rvi‘d to a lar"(‘ <i:a1horiii<r at tho 
(‘Inircli rooms. Here Lord Ullswater 
(foniKM-Iy Speaker of tlie House of 
(V)nnnoiis), a leadiuji; ri'sident in Ihe 
eounty and chairman of tin* Hooker 
]\Ieniorial Committee, {^ave expression to 
the jreneral appreciation of the local 
arran«rements 

The tal)h*t is the uork of the sculptor, 
ilcA. H. (lerrard. The inscription is 
framed in a decorative surround in 
which the })Iants employ<*d (it may be 
explaimnl to prevent controversy in 
time to come) have no relation to any 
of the Hookeriaii discoveries but are 
us(‘d solely as decorative matter. 

Durin*? the Hooker period, Hales- 
worth was visited by many contempo- 
rary botanists, both British and foreijj:n, 
including Pyrame de ('andolle and 
Lindley. Of Bindley, then a youn^ 
man, it is recorded that the servants 
were much concerned because tlie bed 


preparc‘d for his use uas left unoccu- 
pied On investijration it appeared that 
Lindh\y was at the tiim* hopiii" to bi* 
sent abroad to collect plants, and as a 
measure of preparation for the hard- 
ships he expected to endure, he had 
chosen to sleep on the uu-upliolstensl 
floor! Providmice, liouevm*, saw otlier- 
wise, and th(*se early hop(*s were never 
realmMl. Jjindh\y b(‘came a famous 
botanist, but rather in the lecture room 
and herbarium than as a traveler and 
collector. 

The necessary funds for the tablet 
were providi'd by a number of societies 
and institutions with which the Hookers 
had been connect csl, including? the i*ourt 
of the University of (ilasprow, and also 
by individuals who had been contempor- 
ary with Sir Joseph. Two invitations to 
contribute were sent abroad and both 
met with generous response. One was 
from the present Madame d(* Candolle, 
of Geneva, as representing the family 
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^^l^eh bad such (‘lost* illations with tin* 
lIo()k(»rs; tlu* ()tb(*r, jointly, from the 
1nist(‘(*s of the Asa (tray Herbarium ami 
llie Xe\N York Holanieal (larderi. Tlie 
link here was Asa <«ray, a frequent 
^»’U(*st at Kew, and Sir Jos(*[)b Hooker's 
host and travel in<jf (‘ompanion when lie 
\isit(*(l tbe Unit(*d Stat(‘s. 

Of tb(‘ Hookers tb(Mns(‘lv(‘s, Sir Wil- 
liam was tbe founder of Ivew Hardens 
and tin* Kew (*stal)lisbui(*nt in its 
nio(b*rn form, and Sir Jos(‘[)h eontinued 
liis work. As botanist. Sir William’s 
work dealt mon* partuMilarly with f(‘rns 
and bryophyt(‘s, and I lit* niiml>(*r of 
pnblieations from his band is amazinji: 
(rf “Annals of Hotany," Sir 

•ros(*])b was, no doubt, tin* more tmiinent, 
and rose to tin* presitb'iiey of tin* Ro\al 
Society. His work lay (*sp(*eially in the 
tield of freojrrapbieal botany and tin* 
taxonomy of flow(‘rin^^ ])lants He was 
author of the “Flora of Hritish India,” 
and wi‘ot(*, in eonjunetion Avith Bent- 


ham, tbe ^^Gcnrra planiannu,'' Tbou^di 
be retir(*d from Kew in 1885, In* re- 
mained active in tin* subject till his 
dt‘ath in llHl. Of the many distinctions 
that came to Jiim, the Ordei* of Merit 
was the om* he (*st(*(‘m(*d most highly. 
Sir Joseph was marri(*d tw !(*(*, first to 
tbe daujrbt(n' of Professor J S. Hen- 
.slow, the inspirer of Darwin, and lat(*r 
to the widow^ of Sir William Jardine. 
Both famili(‘S AM*re r(*present(*d at the 
cer<*mony in the persons of tin* half- 
brothers, R(‘j»inald Hooker and Richard 
Hooker A daujrlit(‘r of Sir Joseph 
(still livin‘*‘) beeann* tin* w’lft* of the late 
Sir William Tbiselton-Dyer, who siic- 
c(*(*d(*d his fath(*r-in-law in the dir(*ctor- 
sbip of Kew, and did so much for 
the botanical and (*conomie pro»>:ri*ss 
of British overseas possi^ssions and 
dominions. 

F AV. OiavKR 

Quaix Pkofi . ssori or Botany, 

rNUKIiSlTN OK I.ONDON 



TIIK BRKWEUY HOUSE AT HALESWOJITH 
The BiRTiirLACh of Siii .losF.ni Hooker 
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THE RHENIUM ATOM 


Si\T\ lui\(* pfissinl siiu‘o tin* 

Hiissiai] (*heniist, Dmitri MeiulehVv, 
])r()p(KS(Ml the period ic law of ehemieal 
elements, ^^hieh staled that “tlie v\v- 
ments arranged aeeordinj^ to tlie ma<;ni- 
tud<‘ (d* atomie A\ei^lits sh()W a periodie 
ehanp:e of proiierties Mendeleev ree- 
ojriii/^ed ehemieal valeiiey as the out- 
standnif? jieriodie property of the ele- 
mmits, and \Nlien lie ordered the known 
(‘lements in similar jrroups or })(»riods lie 
round it n(‘e(‘ssa ry to insert a n urn her 
of blank spaees, whieh eorrespondiMl to 
nndiseovered ehemieal (‘lements Ills 
faith in the peiuodie law as a funda- 
mental law of naturi* was so stronj^that 
he predietial the e\ist(*ne(‘ and proper- 
ties of six new (‘hmients. All tlu'se lia\e 
sinee bemi round, they an* now* known 
as seandium, jjrallium, j^muiianium, pol- 
onium, masurium and rhenium The 
first three wen* <lis<M>ven*d within firie<*n 
y(‘ars after th<*ir pn*dietion, but tin* last 
two were found only a f(‘W’ years a^o 
Of eourse the last two are at jireseiif of 
the jrreatest sei(‘ntifie int(‘rest b(*eause 
they are the latest additions to the ehem- 
ieal family and then* is still mueh to 
learn about tln‘m Their eventual dis- 
eovery after more than half a eentury 
of seareli marks one of the jjreatest 
triumphs of methodieal sioenei* over 
elusive nature 

When M(*ndeleev first proposed the 
periodie law he saw' that the ehemieal 
(‘lements hoinolojrous to manj>:anes(‘ W’ere 
missinj^ in tin* two suee(*edinp: periods or 
groups, and he ealled these “eka-man- 
‘ranese” and *Mvi-manKn»Pse Within 
the past twenty y(‘ars it has be(*ii estab- 
lished that atomie number, that is, the 
number of electrons in an atom, is a 
more fundamental property than atomie 
weijrht and eaeh ehemieal atom is thus 
d(*seribed by a number. The list bep:ins 
with hydroj^en 1, ends with uranium 
92 ; and in this system maiifj^anese is num- 
ber 25, eka-manjranese is numb(»r 48, and 
dvi-mang:anese is numb(*r 75. Diseovery 


of both 43 and 75 was announced in 
1925 by two (Jerman (*hemists, Walter 
Noddaek and Ida Taeke, and they pro- 
posed the names “masurium’’ and 
“rhenium ’’ Perhajis the main reason 
for not deteetinfJT thesi* el(*m(*iits before 
IS to be found in their extreme rarity. 
It IS an odd fact that in the earth’s 
crust tin* (‘lements with odd atomic nnm- 
h(*r an* usually only one tentli to one 
twentudh as plentiful as the next suc- 
c('ediiijr element with even atomic num- 
h(*r, and it is to be notiei^d that both 43 
and 75 are odd. It is estimated that 
th(‘se (‘l(*ni(‘ii1s constitute about om* part 
in a billion of the earth’s crust. 

The first jiroof of the capture of the 
new el(*ments was evidence of 3 or 4 lu'w 
lni(*s ni .x-ray siH‘etra, but the inter- 
pretation of this evidence was cpies- 
tioned by critics and it is probable that 
(‘\(‘ii now many p(‘ople not familiar witli 
such ])roofs may be sk(‘ptieal as to the 
r(‘al existence of the new (‘lements. All 
doubts eone(‘rninj? the reality of rhen- 
ium 75 are now' swept asid(‘ by tin* 
r(‘eent inv(\sti^ations of Dr. W F Meg- 
j^ers, of the Hureau of Standards, who 
has described the optical emission 
sp(‘etra of this new' el (‘men t. As is Avell 
known, eaeh type of ehemieal atom 
when jiroiierly excitt^d emits light which, 
when dispersed into a spectrum, is s(*cn 
to consist of bright lines, the number, 
relative intensity and distribution of 
the hues b(‘ing uniquely eharaeteristie 
of the atom. These spectra usually con- 
M.st of hundnals or in some cas(*s thou- 
sands of lines, but the methods of ob- 
serving are so powerful and s(‘nsitive 
that no line of any element is strictly 
id(‘ntieal with any line of any other 
element and can not be mistaken or 
misidmitified. The emission spectra of 
rh(‘nium have now' been photographed 
and measured throughout the entire 
visible spiHdruin and in the ultra-violet 
and infra red; they are found to consist 
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of sonio 2,000 linos, all of wliioli ar(‘ new 
1o the sei(*iu‘(» of s|n*elroseo|)\ , tlu\v are 
not uh'iilitiabhMNith lines omitt(‘(l byan.\ 
ollu‘r known atoms, and an* 1li(‘n‘ron* 
rejjrarded as eharaetmnstie of rlieiiniin 
Anioiif^ the stroiij^est sjieetrnm lines 
there an* s(*veral Avhieli an* extremely 
important for deteetin<»: the pn*senee of 
rh(*nium in e(*rtaiii minerals Kxperi- 
ments show tliat sjieetral lines eharaeter* 
isli(* of rhenium atoms are visible in the 
li»j:ht of an (*leetrie are wh(‘n tin* ratio 
of rhenium to other atoms [)n*s(‘nt is 
one to a million’ This t(‘st is about a 
thousand times nnn-e s(‘nsitive than tlie 
\-ray siieetriim or any eliemieal test 
Sinee spectral lines an* eoiisidered to 
rejireseiit elian^^*s in atoinie enerj^y it 
follows that the struetiire of a sjieetrnm 
is intimately eonneeted with tlie striie- 
ture of an atom; indeed, tin* laws of 
spectral stnietnre liave been (h'fniitely 
correlated w ith electron coidijrnration 
in the past few’ years so that it is now' 
jiossible to describe the outer structure 


of an atom b\ aiialy/intji; its spectrum 
Analysis oi* tin* sp(*ctrum of neutral 
rhenium atoms shows that tlie atoms 
have 7 outm- (vah*nc(*) electrons, just 
like inan^anese’ 

Anoth(*r inten'stin^ featun* of the 
rhenium sp(*ctra is sc*(*n in tin* complex 
character of c(*rtain liin*s, many of them 
arc n‘latively whh* and under hi;^h 
ma‘i:niti(*ation an* found to consist of 
two to SIX eomjionents This h> perfine 
structure of spectral lines is not ac 
counted for b;\ the electron eonfijnira- 
tions provid(*d by the theory of spectra 
but is believed to be due most ‘»:en(*rally 
to tin* int(‘raction of the nucleus of an 
atom with its surroundinjj: ch‘ctrons It 
IS a significant fact that practicall.N all 
the atoms with odd atomic number show 
this phenomenon This phase of the 
rhenium spectra Avill b(‘ pursued further 
because it oilers an oiijiortunity to 
develop the theory of hy peril in* struc- 
ture and will thus disclose still more of 
the secrets of rhenium atoms 


THE APPLICATION OF QUANTUM MECHANICS TO PAST EVENTS 


AVe have the privile^^e of printiiijr a 
communication from the (California In- 
stitute of Technolojry which wms in- 
clu(h»d in tlie mid-March number of 
Phjfsical lirvicw It is signed by Drs 
Albert Einstein, Itichard V. Tolman 
and Jloris Podolsky. This contribution 
is of jr(*neral interest Ix'cause it shows 
tliat tin* principles of (piantum me- 
chanics involve an uncertainty in the 
description of past events and that they 
can be apiilied to macroscopic phe- 
nomena such as the oj)(*ninj? and closinji: 
of a shutter. 

It iH well kiioun tlml tlu* i)rinci]>lrs of 
(luantum inorlumira limit Hit* poHsibiUtiCH of 
oxnct prediction ns to the future path of :i 
liartiele. It has sometimes been HU])j)oseth 
nevertheless, that tlie (piniitum luethnincs 


uoiild permit uii e\jut desci iptioii of tlie ]){iHt 
path of a pniticle 

The pur]u)Se of the ])reseiit note is to dis- 
cuss n simple ideal experiment which shows 
th.'it the possibility of d(*scribing the iiast path 
of one particle would lead to predictions as to 
the fiituie beluiMor of a second particle of a 
kind nut allow (*d in the (lunntiim mechanics 
It will hence be concluded that the jiriiiciples of 
(piantum mechanics actunllv involve an iiiicer- 
tamtv I a the description of past events which 
IS au.iliJ^oUH to the iineerlainty in the predic- 
tion of future c\ents And it will be shown 
for the case iii hand that this uncertainty m 
the (h*sti iptioii of the ])ast aiises from a liniita- 
lion of the knowledf^e that can be obtained by 
measurement of inomentinn. 

Consider a smali bo\ Jl, as shown in tlio 
li^ure, containing a number of identical par- 
ticles 111 thermal agitation, and jiroxided with 
two small openings whieli are closed by the 
shutter S. The shutter is arranged to open 
automatically for a short turn* and then close 
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DIAGRAM OF THK U)KAL EXPP^RIMENT. 
Thk box, B, wori.i) (OXtain a ntmbkr or 

inKNTirAli PARTiriif.S IN THERMAL AdlTATION. 

The opening of thk shutter, S, would per- 
mit PARTK LES TO KEA( H THE OBSKRNFR, O, BY 
TVNO PATHS; DIRECTLY AND THE WAY OF THE 
RB.FLE(’TOR, R. 

again, and tlio number of partieles in the box 
is 80 choHon that eaHes arise in which one par 
tide leaves the box and travels over the direct 
path SO to an observer at O, and a second 
particle travels over the longer patli HRO 
through elastic rellection at the ellipsoidal re- 
flector R. 

The box is accurately weighed before and 
after the shutter has opened m order to de 
tcrmine the total energy of the particles which 
have left, and the observer at O is provided 
with means for observing the arrival of par- 
ticles, a clock for measuring their time of ar- 
riv'ul and some apparatus for measuring mo- 
mentum. Furlherinoro, the distances SO and 
SRO arc accurately measurtMi beforehand — the 
distance SO being sufficient so that the rate of 
the clock at 0 is not disturbed by the gravi- 
tational effects Involved in weighing the box, 
and the distance SRO being very long in order 
to permit an accurate reweighing of the box 
before the arrival of the second particle. 

Let us now suppose that the observer at O 
measures the momentum of the first particle 
as it approaches along the path flO, and then 


measures its time of arrival Of course the 
latter observation, made for example with the 
help of gamma ray Illumination, will change 
the momentum in an unknown manner. Never 
theleas, knowing the momentum of the particle 
m the ]>a 8 t, and hence also its past velocitv 
and energy, it would seem ])ossible to calcu- 
late the time when the shutter must have been 
open from the known time of arrival of the 
fiist particle, and to calculate the energy and 
velocity of the second particle from the known 
loss in the eiieig) content of the box when the 
shutter opened. It would then seem possible 
to predict lieforehand both the energy and the 
time of arrival of the second [larticle, a para- 
doxical result, since energy and time are tpian- 
tities which do not commute in (|uantum ine- 
( hanics. 

The explanation of the appaient paradox 
must lie in the circumstance that the past 
motion of the first ])artiele can not be ac- 
curately determined, as was assumed. Indeed, 
we are forced to conclude that there can be no 
method for measuring the momentum of a par- 
ticle without changing its value. For example, 
an analysis of the method of observing the 
Doppler effect in the reflected infra red light 
from an approaching particle shows that, 
although it permits a determination of the 
momentum of the partiele }>oth before and 
after collision with the light quantum used, it 
leaves an uncertainty us to the time at which 
tho collision with the quantum takes place. 
Thus in our example, although the velocity of 
the first particles could be determined botli 
before nnd after interaction with the infra red 
light, it would not be pos.sible to determine the 
exact position along the patli SO at which the 
change in veloeity occurred, as would be neces- 
sarv to obtain the exact time at winch the 
shutter was open. 

It IS hence to be concluded that tho prin- 
ciples of tlie quantum mechanics must involve 
an uncertainty in the description of past events 
which 18 analogous to the uncertainty in the 
]>redietion of future events. Tt is also to be 
noted that although it is possible to measure 
the momentum of a jiarticle and follow this 
with a nieasureraent of position, this will not 
give sufficient information for a complete re 
construction of its past path, since it has been 
shown that there can be no method for men 
suring the momentum of a particle without 
changing its value. Finally, it is of special 
interest to emphasize tho remarkable conclusion 
that the principles of quantum mechanics 
would actually impose limitations on the locali- 
zation in time of a macroscopic phenomenon 
such ns the opening and closing of a shutter. 
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THE NEW SCHOOL FOR SOCIAL RESEARCH 


Tin: New Scliool for Sori^il R(‘S(‘arrli 
is now ocrui)}^!!*^ its lunv building on 
West 12tli St root in \<‘w York City It 
r(*i)rosents an jn\(‘stnnMit of $1, ()()(),- 
000 00 and aTords .n-conunodations for 
2,000 stud(*nts 

Tlio Ntnv Seiiool is an instill it ion of 
^^Htiiration for tlie rducatc’d.” It has 
ncdthrr toarliers nor (*lassi‘s in llio con- 
ventional aeadeniic s(*ns(* No ‘‘credits" 
are eann'd takin^j: its courses; no 
dcj 4 :rees arc ji;iv(*n. fjcadf^rs of thonjrlit 
in the social and jiolitical sciences, psy- 
cliolojfv and tlie arts t<‘acli by lectures 
or discussions. Those who sit und(‘r 
tliein an* men and w^oim'u whose collej^c 
and univ(‘rsity days arc well behind 
them and wlio liavc come to days of 
th(*ir own cs])ecial intellectual needs and 
inclinations In a v<*r\ real sense the 
studmits themselves d(*t(*rmine the cur- 
riculum, and specific provision is made 
for "roups that wish to cooficrate in 


iiKpiiry and r(‘s(*arch of their own 
selection. 

In the elevmi y(*ars that tin* school has 
been in (‘xistcnce it has (*nrolled more 
than 1 (),()()() persons. Xo small number 
have been (Hi tin* rosters without inter- 
ruption from the be^inniii" Ev<‘ry field 
of int(*ll(‘ctual activity ainl most of the 
count rn*s of tin* world hav(* b(*t*n r(*pre- 
sented amoiur the inslructors and h‘c- 
tnrers such names appear as Harry 
Elmer liarnes, H M. Baruch, (‘harles 
A Iteard, Fran/ Boas. IT. N Brails- 
ford, Aaron Copland, dohn Dewey, H. 
\V L Dana. (Jeor^t* A Dorst'y, Waldo 
Frank, David Friday, Francis llackett, 
Josejih dastrow, Horai'c M Kall(*n, 
Joseph Wood Krutch, Alfred Kreyin- 
bor", Everett Dean Martin, Harry A. 
Overstreet, Ralph M Pearson, Roscoe 
INnind, Jlorton Prince*, dames Harvey 
Robinson, Oaetano Salvemini, Oilbert 
Seldes ainl Edw in R A Seli"man 



THE AUDITORIUM 

WHICH IS BEiaEVKD ,TO BE THE ONOY OVAL SHAPED ROOM OF ITS KIND IN THE WORLD. 
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Tli(‘ sc'heme of tin* new buildinp: was 
created by Dr. Alvin Saunders John- 
son, wlio lias been director of the New 
Scliool for the past seven years JoseiJi 
l-rban was the architind. and the strue- 
lur(» is anion^ the most notabh* of 
his aclnevenienls. Some of the things 
lu* lias dom‘ are pure innovations arclii- 
t(‘cturall.\ — the auditorium, for t‘\aniple. 
It is oval in form — tin* first of its kind. 
A domical ceilinjjt makes it oval in cross 
s(‘ctioii as ^^ell as in ground plan, it is 
ANithout jiillar on th(‘ floor or offset in 
the ^^alls, so tJiat neitlier si^rlit nor 
sound is liroken from an\ point All 
the li^ht coiiK's from tin* ceiling, live 
semicircl(‘S of lOO-watt lamps, 177 al- 
toj>:eth(*r, floodiiij^ their radiance tovard 
the stajre. An unusual us(* is made of 
“side^^ staj^es extendiii!^ out from tin* 
liroseeiiium and opening onto the main 
floor through sevtm arches. From fly 
}jrall(‘ries it is possible to j?ive any de- 
sired effect of color or intensity. Tin* 
auditorium has b(‘en wired for sound 
after a plan worked out by Professor 
Floyd Howe Watson, of the University 
of Illinois, and T. F. Bludworth, of New 
York, so that volume may be controlled 
ab.solut(dy and all eidioes and reverber- 
ations absorbed. 

The fa(,*ade of tin* building is dis- 
tiiifruished by windows sweeping the full 
^^idtll and by alternating white and 
black brickwork The basement con- 
tains an auditorium with a sunken floor 
^^here the dance will be taught as one of 
the arts. On the moy.zanine floor above 
the auditorium then* is a group of “talk- 
over niches. “ There are six classrooms 
on the second floor ^\i1h a seating capac- 
ity of 750, and with the largest of them 
wired for sound. The third floor is 
given over to offices and an exhibi- 
tion room, and on the fourth floor tin* 
jirincipal space is occupied by the li- 
iirary, with stacks for 15,000 volumes 
and — a most important adjunct— -a bib- 



THK NKW SIMIOOL FOR SOCIAL 
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liographieal guide to the social and p(»- 
litical science resources of all the other 
libraries of the city. On the fifth floor 
are kitcluui and pantry facilities, din- 
ing-rooms and an exhibition hall. On 
the sixth floor then* is an apartment for 
Daniel Uranford Smith, treasun*!* of the 
school, from whom the site was pur- 
chased and who is to have a lift* tenancy 
of this floor. 

The penthouse encloses a studio whost* 
north wall is a single wdndow Th(*re 
is a terrace outside which may be used 
as a work-room, and on the south sidt* 
are tw^o smaller terraces similarly avail- 
able. Not only are the graphic ,and 
jJastic arts taught here but students 
may wxirk “on their ow'n.“ 
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THE NEW BERMUDA BIOLOGICAL STATION 

FOR RESEARCH 

{ lX(‘()K!*OKATEl) 1!I2()) 

By Professor EDWIN G. CONKLIN 

I*RKSII)ENT OF TllK OF TUI STEPS OF THE STATION 

DEPARTMENT OF ZOOEOCJV, PItINCPTON L’NIVEKSITV 


The |)(H‘iiIuir advniitci^ps of litT’muda 
for biolo<ri(*al and opoanoj^raiihip stii<li(*.s 
liav(‘ bo(Mi ina<lp known by niiiiKTous 
invo.sti^ators and by s(*V(‘ral seienlifip 
expeditions. In ISoi) J ^Matthew Jones, 
Es(j , F L S., barrister of tlie Middle 
Tem])le, published a book of 200 ])a‘ 2 :es 
entitled “The Naturalist in li(*riinida/’ 
whieh Charles Darwin in his “()ri}>;in of 
Sjieeies” railed an “admirable ae- 
eonnt ’’ Jn 1870 Mr. Jones publish(‘d 
a “Visitor’s Guide to iierinuda,” eon- 
tainin^^ a list of the more eoininon plants 
and animals, and in 1884 he and (» 
Bnnvn Goode, with the eollaboration of 
five other sp(*eialists, published in the 
bulletin of the C. S. National Museum 
an extensive work on “The Natural 
History of the Bermudas'— tlieir ^eol- 
oj4:y, physio^H’aiihy, botany and zoology 
The famous (iialUiujcr Expedition vis- 
ited J^ermuda in 187J and made a 
speeial study of the ocean di^ptlis siir- 
roundinjr the islands; various volumes 
of the reports of that expedition con- 
tain matter relative to tlie fifeoloj^y, 
meteorolo}^y, botany and marine zoolojyy 
of Dennuda. Anj^elo Heilprin in 18811 
published a valuable volume on the nat- 
ural history of “The Bermuda Islands.” 
Alexander Agassiz visited B(*rmuda in 
1894 and studied particularly the ocean 


d(‘pths and slopes around the islands, 
tln» sounds, laj^oons and coral reed's with 
especial reference to the method of 
lormation of ceiral islands. In 1!)()2 and 
1907 Addison F \'(*rrill published in 
the Transactions of the Connecticut 
Academy of Arts and Sciences two vol- 
umes on “Tin* H(»rmiida Jslamls; Their 
Scemmy, ( ’Innate, PhysioLH*aphy, Nat- 
ural History, PahM)ntolo»»:,\ and C’oral 
K(*(»fs, with Sketches of Their Early 
History and the Chan<>:es l)u(‘ to Man.” 
Most recemt of all, and in some respects 
most distimdive*, an* tin* expeditions of 
the New York Zooloj^ical Society undi*r 
the directorship of William Beebe dur- 
injr tin* \ears 1929 to 19J1; this expe- 
dition is devotin;jr particular attention 
to the deep s(‘a fauna, and actual de- 
scents have be(*n rmnh* to deptlis far 
j^reaH 1 - than have ever before been 
reach(*d by man. 

These are but a lew of the many sci- 
entiHc studi(*s relatin<r to Bermuda, all 
of v\hich indicate the wealth of oppor- 
tunity winch tlu'se islands afford for 
research VNork in the natural scii‘nees. 

(1) The OuToiNAL BEUMimA Bioloui- 
c\Tj Station for Reseauc ti 

The idea of creating? in Bermuda a 
laboratory for biological studies in eon- 
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neetion with a public aqiianum was 
sugp:ested as early as 1896, and lat(*r the 
Bermuda Natural History Society was 
organized with the purpose of further- 
ing sueli an undertaking. Half a dozen 
years, however, elapsed before definite 
results were attained. In 1903 Harvard 
University and New York University 
entered into an agreement for the es- 
tablishment and joint support of the 
Bermuda Biological Station for Re- 
search, with Professor Edward L. Mark 
as director and Professor Charles L. 
Bristol as associate director, it being 
understood that the station was ulti- 
mately to be associated with the public 
aquarium which the colony contem- 
plated establishing. After a careful 
study of the needs of the aquarium as 
well as the opportunities for carrying 
on scientific investigations, the Flatts at 
the Inlet to Harrington Hound was 
selected as the location of the station. 
Provision was made for laboratory 
facilities as well as for the board and 
lodging of investigators at the Hotel 
Frascati, and a printed circular was 
issued inviting zoologists and botanists 



CHART OF N. E. RECTANGLE 
Shown in heavy outlines in chart or Ber- 
muda Islands, Shore Hills area, cross- 
hatched. 
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to share in the opportunities of the sta- 
tion without the payment of any labora- 
tory fees. There were in attendance at 
this first session of the station— June 22 
to Aujxust 22, 1902 — between thirty and 
forty workers. Tlie suninuu* session was 
repeated under the same conditions in 
1904 and 1905. In 1906 the colony pur- 
chased at the Flatts a plot of land for 
the enaction of the aquarium and sta- 
tion, but owin^ to straitened circum- 
stances was unable to carry out the re.st 
of the plan. Within a year, however, 
the Natural History Society l(‘ased from 
the War Department Avar’s Island and 
converted its “ma<»:azine’’ into a public 
a(|uarium Meanwliile the aj^reement 
between New York and Harvard Uni- 
versities had been abrogated, and the 
society invited Professor Mark, as the 
representative of Harvard University, 
to take over the management of the sta- 
tion at Agar’s Island. The station has 
been in continuous existence there since 
1907, the opportunity for work at other 
times than thi* regular summer sessions 
having been provided for as occasion 
arose. For nearly three years (1915- 
1918) Dr. William J. (Vozier was resi- 
dent naturalist at the station, and Mrs. 
(T’ozier was librarian and recorder 
About 280 sci(»ntists have carried on 
studies at the station, and the printed 
publications of their resea relies now 
amount to upwards of 160 pa[)ers ar- 
ranged in seven volumes. 

From the spring of 1917 to 1919 
Agar’s Island was requisitioned for 
military purposes, and the wliole equip- 
ment of tlie station was transferred for 
that period to Dyer’s Island, a short 
distance away. After the World War 
the aquarium at Agar’s Island was dis- 
continued, and the island was least*!! 
from the War Department by Harvard 
University for the exclusive use of the 
station, which w^as continued there until 
the opening of the reorganized station 
at Shore Hills. In the meantime a 


splendid public aquarium was estab- 
lished on tin* site originally selected at 
the Flatts, but leaving no suitable space 
for an enlarged biological and oceano- 
graphic station, such as was contern- 
pla1(*d in the plan of n^organization. 

(2) The Reoroanizkd Hehmuda Bio- 
Loou’AL Station for Researi’u, 

Ixr. 

In August, 1925, twelve piTsons who 
had worked at the Bermuda Station,, 
including Dr. E. Jj. Mark, its director., 
met in Woods Hole, Massachusetts, anil 
formulated a letter wliich was sent to 
many biologists in Great Britain, Pan- 
ada and the Unit(‘d States asking for 
their coo[)eration in forming a corpora- 
tion to make the station more widely 
us(‘ful as an int(*rnational laboratory^ 
and reipiesting the nomination of five^ 
persons to s(*rve as a committee on reor- 
ganization. L(*tters of cordial endorse- 
ment of the proj(»ct >\ere receivtHl from 
the Royal Soci(‘ty of London, the Royal 
Soci(*ty of Edinburgh, the Royal So- 
ciety of (Canada, the Biological Board of 
Panada, the Honorary Advisory Coun- 
cil for Research (Panada), the National 
Research Pouncil, of the United States, 
and from many other scientilie institu- 
tions and persons. One hundred and 
thirty-four persons (later increased to 
180) joined tin* corporation and tin* fol- 
lowing committee on reorganization was 
elected: C 1j. Bristol, E. Pi. (Vmklin 
(chairman), E. V. Powdry (secretary), 
E. L Mark ami 11 W. Rand. The com- 
mittee drew up articles of incorporation 
and by-^a\^s and nominated sixteen 
members of the corporation to be trus- 
tees, the twelve receiving the highest 
number of votes to be declared elected. 
By the votes of more than 150 members 
of the corporation twelve trustees were 
elected, eight of them residents of the 
United States, two of Great Britain, 
and one each of Bermuda and Panada. 
On June 28, 1926, the Bermuda Bifv 
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lojifiual Station for I?(*s(‘aruli was incor- 
porated nnder the laws of the State of 
\ew' Vork. 

On April 28, 1980, a s]>eeial meetinji: 
of the eorj)oration ainl trust(*(*s was 
held ill Xew’ York for tin* purpose (»f 
amending the articles of incorporation 
so as to permit the enlar^^nnent of the 
hoard of truste(*s to twenty-four per- 
sons, and on Ajiril 26 the amended 
charter was approved by tlu' projier 
authorities of the State of New" York 
At the annual meetinjr, dannary 8, 
1981, ei*rht additional members were 
eh*cted to the board of trustees, which 
now’ consists of twimty persons, thirteen 
from the Ignited States, three from 1 Ber- 
muda, and tw^o each from (Ireat Jlritain 
and Canada. 

Special meetinjrs of the truste<»s w'(*re 
held in Aujj:ust and October, 1926, and 
the first annual meetin^r of the corpora- 


tion and trnstc*es was h(*ld in N(wv York 
on I)ccemb(*r 27, 192(). At that meetinji 
()fi1eers wer(» (*h‘ct(Ml, an executivi* com- 
mittee appoint(»d, and a r(‘port received 
from a committee of four trustees that 
had visited llermnda to s(*lect a site for 
a permaiKMit station After this com- 
mittee had inspected more than tw’cnty 
proj)os(‘d sites they reiiorted in favor of 
a tra« t of 12 acres in St. Oeor^e’s 
Parish, frontin*r on Ferry Reach and 
]\Inllet Pay, and known as “Tin* Hunter 
Tract," which could be purchased for 
tr),r)()() This site was af)prov(‘d by the 
trustees and cortmration, and later h 
petition was addressed to the governor 
and le^dslatnre of Bermuda askinjjr (1) 
that the Bermuda BioJo^dcal Station 
for Research, Tnc , be ^raiitcsl the privi- 
lejife of holdinij: real estate in the Islands 
of Bermuda; (2) that when the trustees 
sliould satisfy the governor-iii-conncil 
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that not loss than £o0,000 ondowment 
had boon raised, the Colonial Govorn- 
mont should purchase and transfer to 
tho trustees tlie Hunter property; (3) 
that call supplies and equipment im- 
ported for the purposes of the station 
be exempt<»d from eustorns duties; (4) 
that an annual grant of t2()() a year for 
a period of ten years be made by the 
Bermuda Government for the support 
of the station. On June 24, 11)27, the 
legislature of Berrninla passed the 
‘‘Biological Station Act of en- 

acting each and all of these articles. 

With this friendly and generous 
action on the part of the Government of 
Bermuda, the trustees applied to the 
General Education Board of the Rocke- 
feller Foundation for a grant to meet 
the conditional gift by the Government 
of Bermuda and to provide for the de- 
velopment and maintenance* of the sta- 
tion. In the meantime the National 
Academy of Science's of tho United 


States had appointed a committee on 
oceanography which, with the aid of a 
grant From the Rockefeller Foundation, 
undertook the preparation of an exten- 
sive re])ort on the needs and opportuni- 
ties of this branch of science; the 
Foundation therefore postponed caction 
on the application of the Bermuda 
trustees until this could be considered 
in coniKTtion with the report of the 
committee on oceanography. This re- 
port of 105 typewritten pages recom- 
mended that an oceanographic institu- 
tion be established in a central location 
on th(‘ Atlantic Coast and that this “be 
su])plemented by two branch stations, 
one sub-arctic and the oth(*r truly 
oceanic in location. The latter location 
would be served admirably by the Ber- 
muda Biological Station for Research, 
Inc., which has the support of the com- 
mittee in its efforts to complete its or- 
ganization. This report was apjnoved 
by the National Academy of Sciences in 
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November, 1920, and oti Nov<*mber 13 
of that year tho Kockefellor Foundation 
appropriat(*d £50,000 to moot the oondi- 
tioii imposed by tlio Bormuda Legis- 
lature; on March 29, 1930, the Hunter 
Tract was purchased by the (lovern- 
ment of Bermuda and conveyed to the 
truste(»s, and on April 4, 1930, the 
Kockefeller Foundation j)aid to the Ber- 
muda Biolofrical Station for Bosearch, 
Inc., £50,000. 

A committee of the trustee's visited 
Bermuda in February, 1930, employed 
a local architect and bi'^an preparation 
of plans for a new laboratory, boat- 
house. wharves, and the remodeling? of 
the old residence on the llunte'r Tract 
In July and Au|?ust, 1930, the president 
and treasurer were in Bermuda with 
the intention of letting? contracts for 
the buildings, but the plans w^ue not in 
final form and little progress was made. 


(3) The New Station at ‘‘Shore 
Hills,’’ St. George’s, Bermuda 
At that tinn* a large sanitariurn- 
liotel property known as “Shore Hills, “ 
almost adjoining the Hunter Tract, was 
offered for sale at a v(»ry low pri(‘e and 
.some of the leading citizens of Bermuda 
sugg(*sted that the trustees reeonvey to 
the government the Hunter Tract on 
condition that the government appro- 
])ria^‘ C5,500 toward the pureliase of 
“Shore Hills “ This proposal was ap- 
proved hy the trustees, the Rockefeller 
Foundation, and finally by the (rovern- 
meut of Bermuda, and on March 26, 
1931, the trustees took possession of 
“Shore Hills,” one of the hnest proper- 
ties in St. George’s Parish, consisting 
of more than 14 acres of land fronting 
oil Ferry Reach, with a main building 
of stone and concrete, which wdll be 
used as laboratory and residence, to- 
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{Totlior \\ii\i five eotta«i:es, boat and batb- 
Jii*? lioiises, en» 4 :ine house, wharves, ete., 
all eojiij)letel\ furnisheii and for a priee 
l(*ss than the estimated cost of tlie ne\v 
laboratory alone It is fitfinjr in this 
eonneetion to eall partieular attention 
to the {jfenerons aetion of the Govern- 
ment of Ih'rmnda in thus doubling for 
tin* present its outlay for the station, 
in view of the faet that the Hunter 
Tract may not be immediately disposed 
of to advantajjre. All friends of the sta- 
tion are under increased oblifration to 
the j^oviH-nment and peofile of Bermuda 
for this further evidence of their inter- 
est and support. 

The buildiiifrs at Shore Hills are now 
b(*infif repaiivd and rmnodeled for the 
uses of the station, and it is expected 
that they will be ready for occupancy 
about June 15, 1031. There will be 
in the basement of the main buildinjr 


a physjolo^jfical laboratory, with accom- 
modations for five or six workers, an 
aquarium room, a dark room, a cohl 
room and a chmnical store room, as 
well as kitchen, laundry and other 
rooms for household ])urposes. On the 
first floor then* will be a larjj:e }j:(*ii- 
<*ral laboratory, vNith accommodations 
for ei^ht or more investijyators, and 
nine jirivate laboratories, all of tlH*m 
supplied with a(|uaria and running salt 
water, as well as with p:as and elec- 
tricit}"; there are also on this floor a 
livinir room, a dinin^^ room and serving 
room as well as extensive verandas. The 
library will be located on the second 
floor, and in addition there are on that 
floor ei*rhteen bedrooms, each with an 
outdoor sl(*epinp: porch, and twelve baths. 
The eottaj^es will afford accommodations 
for employees and those invest ip:a tors 
wdtli families who prefer to live outside 
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tlio main Then* are tennis 

courts anil a portion of a golf course on 
the grounds, a batliing pavilion and an 
exeelh*iit bathing b(*ach. On the whole, 
no more delightful plaet* for residence 
and for scientific work can be found in 
the sub-tropics of the >\esterji Atlantic. 

The region around Shore Hills is })e- 
culiarly favorable for biological and 
oceanographic Avork. Some of the best 
collecting grounds for shallow water 
organisms are in the near vicinity and 
th(»r(‘ is easy aeeess to coral reefs and 
ln*ads and to the di'ep oeean. The sta- 
tion now poss(*ss(‘s a small lanneh and 
several rowboats, and a larger motor 
boat eapable of being used for deep s<*a 
work will b<‘ [irovided in the near 
future 

Adva.ntaoks ok Bermi da for 
O i r.AXK^ Kesear(Ui 

The Bermudas consist of a chain of 
some half dozen larger islands and nian> 


smaller ones about sev(*n hundn‘d miles 
due east from Savannah, (Jeorgia, and 
nearly the same distance south from 
Halifax, or apiiroximately in latitude 
32" N., longitiuh* (H'' AV Tin* greater 
axis of the.se islands is about fiftei'ii 
miles from northeast to southwest, and 
their greatest width is not more than 
two miles The total land area is only 
about tw(*nty sipiare mili*s, but theri* is 
much evidence that the land area was 
form(*rly much larger, covering about 
three hundred sipiare miles Owing to 
subsidence and erosion most of this orig- 
inal land is now* snbm(»rg<*d to a d(‘pth 
of from one to ten fathoms, ftnuiiing* 
lagoons, sounds and harbors, whih* only 
the higher ])ortions of the original land 
rise above* sea level to a maximum h(*ight 
(»f two to tlinn* hundred fe(*t. 

'flu* (‘iitire B(‘rmuda ar(»a is r(*ally the 
summit of a submerged mountain w^hich 
rises steeply from the ocean floor of the 
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North Atlantic*. On all si(l(‘s it slopes 
clown more or less ])reeipitously to 
depths of two miles or more. The core 
of this mountain is of volcani(5 oriji^in, 
the summit is capped by aeolian lime- 
stone, and coral reefs surround most of 
tin* islands, leaving? only a few ship chan- 
nels into the inner lagoons and liarbors. 

The advantaj'es of such a site for an 
oceanic station will be at once apparent. 
It is possible to live and work comfort- 
ably there in a modern laboratory on 
land and within a tW minutes, in rela- 
tively small boats and at slight expense, 
to reach winters of abyssal depths. Only 
those who have exj)erien(*ed the diflScul- 
ties and hardships of trying to <lo deli- 
cate scientific work on shipboard or who 
have some knowledf^e of the time and 
expmise involved in voyaj^es for the 
exploration of the deep sea are in a 
position to fully appreciate the advan- 
tages of having that sea brought right 
to the doors of the laboratory. Johan- 
nes Schmidt, who has traced European 
and American eels back to their breed- 
ing places in the ocean deeps south of 
Bermuda, has said that ^‘Bermuda is 


like a research ship anchon'd in mid 
ocean, but with this significant differ- 
enei' — that it is a ship of great size and 
stability where one can live and work in 
comfort every month in tin* year in a 
laboratory with all mo(h*rn facilities. 

The greatest area of the earth still 
relatively unexplored is found in the 
deep oceans; here occur some of the 
most extraordinary animals that have 
ever been seen — animals that live in 
absolute darkness except for their owm 
lumine.sc(*nc(*, in ice-cold water, under 
enormous pressure and in the total ab- 
sence of green plants. IIow' are they 
adapted to these unusual conditions? 
IIow^ do tliey obtain food and oxygen'^ 
How do they reproduce, develop and 
evolve in this strangest of all w^orlds? 
Dr. Be(*b(‘’s studies in Bermuda have 
demonstrated the wealth of deep-sea life 
that is there available and the relative 
ease with which it can be obtained. 

Few places in the world are so suit- 
able for the study of the deep sea, and 
the sanu* is true with respect to the 
various life zones of the ocean from the 
floating plants and animals at the sur- 
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face to tlie actual bottom Bermuda 
Jics \MfliiM llial j»:r(‘at area of the Atlan- 
tic partially surrounded by the Ecpiato- 
rial Curnuit and the (tulf Stream, and 
by means of these curnmts and tin* pre- 
vailiiijj: \Ninds a wealth of floatinj? life is 
drifted to its shores. Its land area is so 
small and it is so complet(‘ly isolated 
from the nearest continent that one 
finds there almost uleal conditions for 
oceanic n*search. 

In addition to tlu’S(» biolo^ncal advan- 
tages Bermuda offers <'xcellent opportu- 
niti(‘s for the study of the physics and 
chemistry of the ocean, the salinity, 
oxygem content and temjxu-atures of 
deep-s(‘a water, tin* surface* currents, 
bottom drift ami upwellin^ of the 
deeper waters, and tlu* relation of all 
these to the life of these waters. 

Its location makes it a very important 
post for the study of the weather over 
the ^reat ce'iitral basin of the ocean 
Colonel liindber^h has said that Ber- 
muda is destined to be an important 
station on transoceanic airways, and 
weather obs(*rva lories there will be of 
great importance. An observatory at 
Prospect Hill has for many years kept 


tlaily H'cords of the weather, but re- 
cently tlie Government of Bermuda has 
established a modern Meteorological 
Station at Fort George* near the Bio- 
logical Station I indoubt(‘dly th(*s(» two 
stations can coope*rate to their mutual 
advantage, for the Meteorological Sta- 
tion can furnish the Biological Station 
with forecasts that will be of great ser- 
vice* in its oceanic work, and the latter 
can furnish the fe)rnier with elata on 
e)ce*an currents a ml tempe*ratures wdiich 
are imj)e)rtant facte)rs in the* ge*ne^sis eif 
wiiiels ami steirms 

Be'cause of these and e)t}ie*r notable 
ael vantage's the* e*ommitte*e* on oceanog- 
raph> *f the Natieinal Ae*aele*my e)f 
Scie*nce*s has re»ce)mme*ndeel that the Be*r- 
miiela Biological Station feir He*se*arch 
be se*le*cte*el as the* eice'unic sub-station eif 
the AVe)e>els Ileile Oceanograpliic Institu- 
tie)ii Afte*r cemsidcring the availability 
and advantages of the Azores, the 
Canarie*s, the ('ape* Verdes, the Ba- 
hamas, the Antille*s, the Florida Straits 
and Teirtugas, the re»pe)rt of the commit- 
te»e ceinclueles as fedleiws: 

Oh tlie* ^^]lok*, Bonmidn seems to tlm e*oai- 
mittee the best situation in the North vVllantic 
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r^OOKTNO XOBTir OVKU OOLF COURSE FBOM SECOND STOBY POB(’H 


for iinostij'nf ion into tlio jihcnomona that arc 
fnndninontally ('linmctoristic of otenn haHiiiH. 
ItH advantajfcs may ho Huiiiniariml as followH: 

(J) its slopes rise so steeply from tlie sea 
floor that depths [greater than fathoms 

are reached ^^ithln a few miles from sheltered 
Maters. This would make it jiossilde to carry 
on serious in\estij^atioiiH at great depths with 
small and inexjiensixe vessels, ami the fact 
that such woik could lie done in one-da.> trips 
would allow an ad\aiitageous unity between 
field and laboratory work. 

(2) The Bermuda cone occu]ues so small an 
area that the fundamentally oceanic chaiacter 
of the neighboring whalers is not disturbed 
thendiy. 

(if) There are two eiitiielv submerged cones 
close to Bermuda, tlie ‘‘Argus^^ and ‘*(’hal- 
leng(*r’’ banks. 

(4) In spite of the piecipitous nature of 
their slopes, the Bermuda reefs enclose a con- 
siderable and entirely ])iotected area of shoal 
water, supporting a rich and varied fauna, and 
illustrating many phenomena of lime deposi- 
tion, erosion, etc. 

(T)) Theie are several excellent harbors and 
sites made almost ideal for laboratory lairposes 
by th(*ir sheltered anchorage and cuiiyeniencc 
to the open sea. 

(6) .\ll tlie facilities of the city of Hamil- 
ton (also of St. George), w’itli its ahi]iyard8, 
shops, etc , are at hand. 

(7) The climate is mild, with no extremes, 
favoring work the year round, while living 


conditions are excellent with all the amenities 
of modern civilization. 

(8) Bermuda is coii\eiiientlv reached by 
fast steamer fiom New York, and coiiimuniia- 
tion IS good the \ear round. 

(9) If the Bermuda Biologual Station be 
reoigani/ed, ariaiigemeiits could probably bi* 
made for the pioposcti oceanographic siib- 
.statioii to occupy ])ait of its ]»ropi*it 3 ' at little 
or no expense, «iiid this pio])eit\ is admiiabl\ 
located with its own small haibor; ])ioximity 
to a w’fdl-eipiiyiped biologiial laboratoiy would 
be a decided ad\autage, esya'clallx in encour 
aging synthetic iinc'st iga turns in\oKing both 
the biologic and ph^slcal as]iects 

(10) The negotiations that have been car- 
ried on with regard to the reorganization of 
the Bermuda Biological Station have shown 
that the local government and population 
w'oiild welcome scientific activities on the 
island, which is a consideration of importance 

(5) BkUMUDA as a SBB-TI<0]»T(’ATi 
BioiiOdK’ATi Station^ 

Although lk»rmu(la lies well north of 
the Tropie of Cancer it has a tropical 
and sub-tropical fauna and flora. Many 
tropical plants flourish there, and its 
coral reefs and heads, although not so 
rich and vari(‘d as many within tin* 
tropies, are nevertheh^ss extensive and 
are the northernmost eoral reefs in the 
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world. This northern location not only 
hrirififs a suh-tropieal fauna and flora 
near to nortliern een1i*i‘s of |)o|)ulat ion, 
blit it inak(‘.s for an (M|uabl(* clnnatt* 
A\h(‘r(* the suininer li(*at is never so 
^ifreat as to endanger liealth and tin* 
winters an* ver\ mild 

The annual r(*|)(»rts of tin* ohseiwa- 
tory at J*i’os[)(*(*t J‘or se\t*ral Nears past 
show that the hij^hest tcnnjierature re- 
eorded was !H) 2'^ F in September, 
and tin* lowi'st 44 2"^ in F(‘brnar\ of 
that year Tlie mean temperatures by 
iminths ranjjfe from (>2 b” for damiar\ 
to SOr)‘^ for Aujiust, while tin* greatest 
daily ranjre was from about 18" in dune 
to 24° in danuary. As would be ex- 
pected humidity is ndatively hij^h, the 
lowest for any month Ixunji: oO and tin* 
lii<>‘}iest flO, th(* m(‘an for all months 
bmnji* about 8.1 

The i^reat varudy of marine orj^an- 
isms of Bermuda has bism r(‘eord(*d in 
the faunal and floral lists published b> 
th(‘ naturalists previously mentioned, 
and ])artieularly by l*rof(‘ssor Verrill, 
but Its extraordinary riehiu'ss and in- 
terest ean be best appreauated by a visit 


to the j)ublie aquarium at the Flatts, 
which IS probably second to no other 
aquarium in the world in this resfiect 

The nuiiKMons la<^oons, inl(‘ts, tidal 
liools and cav(‘s are natural aipiaria of 
j^a*eat b(‘au1\ and jnt<*rest, and tin* n*- 
markabh* transparmiey of the water 
niak(‘s collect injr eviui at considerable 
(h'jiths a visual rather than a blind ])ro- 
eedure Indeed the best method of col- 
lect in <4 down to dejiths of 20 to 30 fe(*t 
IS by means of the divin*>: Indnud, and 
th(‘ charm of remaining’’ submer;,^ed for 
smiu‘ tim(‘ in wat(*r that is comfortably 
warm and very transparent, and of 
studyinji* animals in thmr natural envi- 
ronmmits is som(‘tliin^ that has to be 
experimiced in order to be fully appri*- 
ciated 

(()) Otiilk Attractions of 
1>FR\11U)A 

These* islands, which w(*re call(*d by 
early navi«»ators the “DevilFs Hands,” 
am] by Shak(*sp(*an* in ‘‘The Tempest” 
“the vexed Ib'rmootlies, ” and wliich 
latrn* fiiriiished tlu^ theim* of many a 
poem and tale of adv(*nture, are now" 



LOOKING SOUTHEAST OVER CAT^SEWAV AND SWING DRIDGE 
TO Sto("ks Harbor and St. (tKOROF’s Harbor, from sfcond-six>ry vkkanda. 
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labeled by the eaneellation machine of 
the Bermuda Post Office “The Isles of 
Rest.’’ And of late it is as a resort, full 
of historic interest, quaint ness and nat- 
ural charm, that they have come to be 
better known. There ^^as once a time 
when Bermuda potatoes and onions and 
lilies and fruits were their chief prod- 
ucts, but the tourist trade lias proved 
more profitable, and where once were 
cultivated fields there are now great 
golf courses. But in .spite of this, Ber- 
muda has not lost its charm nor been 
sadly “Americanized.” While the 
tourist trade has created many hotels, 
developed many sports and has brought 
to the islands many of the comforts and 
conveniences of modern life, its people 
still guard sacredly its eighteenth cen- 
tury simplicity and quaintness. Auto- 
mobiles are iahu and its narrow, wind- 
ing, shaded roads and lanes are still 
safe for the pe<leslrian or the bicyclist. 

Bermuda is proud of tin* fact that it 
is the oldest self-governing colony in tin* 
British Empire and that its Parliament, 
next to that of Westminster, is the old- 
est in the empire. The islands are full 
of historic interest, of old forts and 
castles and churches, of quaint houses 
and streets and lanes. St. George is the 
oldest town in the islands and in many 
respects the most charming, as it is 
least affected by modernization. The 
region about St. George and particu- 
larh' around Shore Hills is not densely 
populated and is relatively unspoiled 
by man. The Biological Station is off 
the main lines of travel and will afford 
the seclusion necessary for intensive 
scientific work, and yet it is only one 
and a half miles from the town of St. 
George and not more than one fourth 
mile from the main highway running 
the length of the islands. No more de- 
lightful place of residence could be 


found in these “enchanting islands,” 
and certainly no better place for scien- 
tific work. 

(7) Tiik Bermuda Station a Coopera- 
tive International Institution 

It has been decided that, for the pres- 
ent, no charge will be made for the use 
of a table at the station. But since the 
expenses of maintaining the station will 
necessarily be much larger than the in- 
come now’ available, it is hoped that 
many colleges, universities and scien- 
tific institutions throughout the world 
w’ill cooperate in the support of the sta- 
tion by subscribing at least $100 annu- 
ally for the sujiport of a tabh* or room 
for a period of two montlis, or ^oOO for 
one year. Such subscription would en- 
title the cooperating institution to the 
use of all the general faciliti(‘s of the 
station by an approved investigator or 
research student. It is also hoped that 
cooperating institutions may provide 
scholarship funds of at least $200 each 
to pay the traveling and living expenses 
of their representatives at tlie Bermuda 
Station for a period of two months, 
since otherwise many worthy young in- 
vestigators may not be able to avail 
themselves of the facilities of the sta- 
tion. Such subscriptions and scholar- 
ships have already been provided or 
promised by seven universities or scien- 
tific institutions in the United Stat(‘s 
and Canada, and the widest possible 
cooperation, both scientific and finan- 
cial, of individuals and institutions 
throughout the world is earnestly so- 
licited in order that the Bermuda Bio- 
logical Station for Research may be 
truly international in character and 
may be of the greatest possible service 
to the sciences of biology and oceanog- 
raphy. 



DEVELOPMENT OF THE EGG AS SEEN 
BY THE EMBRYOLOGIST' 

By Dr. GEORGE L. STREETER 

DEPARTMENT OP EMBRYOLOGY, ( AUNKOIE INSTITUTION OP WASHINGTON, BALTIMORE 


In 1827 a j^roup of proj^n'ssivo busi- 
ness men of Baltimore* incorporated tlie 
Baltimore and Ohio Railroad. They 
foresaw that a free patliway to Ihe Ohio 
River, tliroii^h its extensive water com- 
munications, would mean access to the 
whole interior of the continent When 
they laid their first tracks these early 
j^o-j^etters inaujj:u rated an era in trans- 
portation that lias had marvelous conse- 
(piences in the development of AnuTica 
In that same year (1827) a German 
professor, Karl Ernst von Baer, discov- 
ered the mammalian e^^^ as it occurs in 
the dof'. His observations were pub- 
lished in a monograph which is now rare 
and is tin* proud possession of but a few 
of our American libraries Tliouf^h a 
century has passed one would hesitate to 
claim that von Ba(*r’s discovery has thus 
far had any conse(|uences whatever on 
the development of the United States. 

In the m»xt one hundred years, how- 
ever, the relative importance of knowl- 
edge of the mammalian egg and knowl- 
edge of railroad engineering may be 
entirely reversed. There are indeed 
many reasons for thinking that rail- 
roads have already attained their best 
development and are now on the decline, 
being destined to yield eventually to the 
competition of other means of transpor- 
tation. With the mammalian egg the 
situation is different. W(» are only just 
beginning to realize to what extent 
human welfare is dependmit on its 
structure and its proper performance. 
It is only in recent years that ways have 

1 From a symposium on dovolopment given 
at the Carnegie Institution of Washington in 
November, 3930. 


been devised for ob.scu’ving, testing and 
expeniiKuiting upon such a small object. 
Enough progress has already been at- 
tained, however, to h‘ad om* to predict 
great things of the future. We may 
never learn all the factors which deter- 
mine how man conies to be as he is, but 
some of tbeni apjiear to be within our 
grasp. It is my purpose to ref(»r to 
these things and by means of photo- 
graphs to slunv eggs of several different 
mammalian kinds and to follow the mys- 
terious manner in which they become 
transformed into embryos, and in turn 
recognizable animals, and most of all I 
wish finally to impress upon the reader 
that the kind of material with which he 
starts his se[)arate existence is of tre- 
mendous importance to him. 

The mammalian egg is much simpler 
than a heiUs egg. In tin* bird th(‘re are 
several auxiliary structures, such as the 
shell, air chambers, masses of albumen 
and yolk, which are contrivances suited 
to the peculiar needs of creatures that 
develop by hatching. When stripped of 
all such accessories, as is the case in 
placental animals, the egg, quite uni- 
formly in both larger and smaller ani- 
mals, i.'. a very small thing, barely visi- 
ble to tin* naked eye. It can be seen if 
properly illuminated against a black 
background as a tiny white particle. 

By rinsing out the reproductive tract 
in an animal like the rabbit and by 
using a delicate glass pipette one can 
transfer the fertilized eggs to a small 
glass dish, filled with suitable fluid, and 
kept at body temperature. Thus in- 
stalled under the microscope the living 
eggs can be studied and the stages in 
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FIO 2. SKCTIONH SII()\VlN(i TflRKK TYI'ICAL J$LAST(K’YSTS 
By Tlllfe TIME THE FLA'rrENEn TUOPIlOHIi\ST I'EI.LS ( A\ BE DISTINCJI'ISIIKD FROM THE MORE 
PRIMITIVE C’EIiTi.S OF THE INNER (’FEE MASS. ThK TROPHOUEAST l ELEs \KE AERKADY FtTNCTIONINO 
W THE EXTENT OF PASSINO FLl ID TIlKOrail INTO THF HENTUATi UESEUOIR, OR MMIMKNTATION 
( AMTY For the section of the OEINEA PKJ 0\l M I am INDFBTED to Dr X \fACEAREN, 

(lEASHOVV. 


then* (Icvclojimont followinl step In st(‘p 
for sewnil (lays. J^Ji()t()^ra[)lis of livinj* 
of various niaininals which have 
biHui stu(li(*(l ill this way an* shown in 
1 . 

In studyin*^ the reeiuitly fertiliz<‘d 
livin<.r one first of all notices that it 
possesses a translucent protective cap- 
sule. This is a temporary structure 
VNhicli soon disappears, and beyond inen- 
tioninj? its pleasant soundin*? name 
/(nut pcllucida need not further con- 
cern ns. Our inter(»st lii's in the body 
that lies within it, as a siii;?le cell. If 
this e(*Il is watched, one jiresently sees 
an inereasin«»: a^dtation of its protoplas- 
mic irranules, creatiufi: a summation of 
forc(‘ that eventually t(*rminates in a 
rendinjx of the cell into two halves 
Thus, the sinj^le cell, orijjrinally compos- 
in*^ the ejif?, separates into two cells and 
these dauji:ht(*r c(*lls each in turn divide 
and so on, until in a few’ days there are 
many cells. 

Xow' cell division is not to be confused 
with growth, althoujjrh it underlies it 
in this case it simply means that the 


sinj^h* mass of jirotoplasm with which 
we started has s(*])arat<*d into smaller 
and smaller units wuth no increase in 
total volume. It is known technically as 
cl(*ava^e One purpose of this appears 
to be tin* se^rejration of the materials of 
the ejjfjx. as a foundation for the division 
of labor that will hi* m»cessary in tlie 
more mature* orf^'anism Even at the 
first elivision the two daufrhter cells are 
not id(‘ntical One* of th(*m is likely to 
be larjrer than the other, and tin* larger 
of the two is likely to divide sooner, thus 
showing a bejrinnin^ difference both in 
structure* anel be*havior One must 
assume* that in tlie division the twei 
halves re*ceive diffe*rent preipeirtions eif 
the eirijzinal ])rote)plasmic substances 
To say that ela lighter cells make an un- 
even division of their heritajre is, eif 
course, a ■ niele way to state it To say 
anythin*; me>ro precise at the ])re‘sent 
time woulel be hif;hly speculative The 
e*mbr\e)loo’ists are studyinj; the.se thinjrs 
assiduously and are talkin*; in te*rms of 
attract nm and repulsieui, surface te*n- 
sion, cohe*sion and dispersieni, elitference 


FIG. 1. l^rVING MAMMALIAN KGGS TX KARLY f’LEAVAGK STACKS 
ALL ENLARGED 200 DIAMETERS. THESE IMnn’OeHlAPHS WERE REe’ENTLY MADE, AND IN MOST 
CASES THE STUDIES l**OH NVHIe’H THEY WERE OBTAINED HAVE NOT YET APPEARED. TmF AUTHOR 
IS INDEBTED TO THE FOLIX)W’lNO PERSONS l''OR PERMISSION Tel MAKE ADNANe'ED TISK OF THEM: 

Mouse: W 11. Lewis; ouinfa pki, R. R SgeiKK; ew, Hartman, Lewis, Miulfr and Swett; 
MUSKRAT, (\ 11. IlElISER AND R. R. SqUIER ; ( AT, R. K. SQUIER ; MONKEY (Movarns l/e^.se/.s), 
W. H Lfavis and i \ G. Hartman; tu man tubal ovum, W. H. I.emis 
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FIG. 3. THE RABBIT OVUM 

PnOTOaRAPlJS or THK living BGGS in a SERIKS or stages showing TLEAVAOE, OirrERENTIATlON 
or THE TROPHOBLAST, FORMATION OF THE SEGMENTATION CAVITV AND THE DEMARCATION OP THE 
INNER CELL MASS, FROM WHICH THE EMBRYO 18 FINALLY DERIVED. ENLARGED 180 DIAMETERS. 

(P. W. Gregory, Early Rtaoes in the Development of the Rabbit Ego.*' Contrib. to 
Embryol. Vol. 21, ("arnegie Inst. Wash., Pub. 407, 1930). 
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in potentials and electric cliarj^es and 
hydrogen-ion concentrations. In some 
of these factors, apparently, an expJana- 
tioji of cell division is going to he ob- 
taiiKMl, and in tlie meantime it behooves 
us to await ])atit‘ntly the outcome of 
their labors. 

After a few* divisions, tin* dilfenmces 
between the cells b(‘eonie more pro- 
nounced. One finds, for instance, that 
the mat(‘rial that is to form the implan- 
tation-mechanism and fetal imunbram's, 
the so-called tro])hoblast, has al!*(*ady at 
the lti-(*ell stage s(*pa rated off from the 
mat (‘rial that is to form the embr\o 
proper The trophoblast is the most 
pr(*cocious part of tin* (*gg, its cells 
divide moi’c rapidly and (*onse((U(‘ntly 
are smaller and soon b(‘gin to show’ 
s{)(*ciali/.ation in structun*, or as the 
biologist would sa\ bivome differen- 
tiated. They stand out, in marked con- 
trast to the slowly dividing and more 
primitive ai)))earing remaiiuhT of tin* 
<‘gg, the inncr-('cll mass that is to form 
the embryo From tin'll on these two 
parts of the egg run s(‘parate courst's 
and can not change one into tin* otln*r. 
The liistologist is thus provnh’d with his 
jirimal classification for all tin* siibsi*- 
(tuent tissue (h*rivatives 

In a sketchy way from w’hat has been 
said and from Fig. 1 w(* liave s(*en what 
the mammalian egg is like. We have 
seen liow* it undergoes cleavage into 
many small cells. We have learned 
something of the (M)nseqin*nces in tin* 
way of s(*gr(^gation and differentiation 
of the })r(‘eocious trophoblast. Let us 
pass on to a pln*nonienon that at this 
])oint occurs in tlie (*ggs of all placental 
animals. They become transfornu'd into 
hlasiortjsts, which is another way of say- 
ing tliat the cells of a given, (*gg whicli 
originally were clumped as a solid mass 
become arranged as a hollow* fluid- 
containing spliere Three typical blas- 
tocysts are shown in Pig. 2. Wliy mam- 
malian eggs become blastocysts can be 


explained in two W’ays: Some w'ould say 
that it is reversion to, or souvenir of, 
some primitive* anc(*slral type; others, 
and J think rightly, s(*c in it nothing 
more than a lu'cessary pn'jiaration for 
the atta(*hment of the egg to the mater- 
nal tissues. Pertain it is that in all 
(*as(*s tin* blastocyst wall forms an iso- 
lating envelope for the embryo and at 
tin* saint* time it providt's an t*xpanded 
m(*mbrane whit'li establishes a large (*on- 
tact with the maternal tissu(*s, fav<3rable 
for subsetpient interchangt* of fluids bc- 
tw’(*en inotln*!* and (*inbryo. 

As Ave hav(* aln*ady noticed, the 
trophoblast cells in dividing arrange 
themselv(*s in a single layer at flu* sur- 
face of the egg, like a membrane, and 
th(*y also b(*come more matnn* in ap- 
p(‘aranc(*. No sooner do(*s this ha])p(*n 
than one begins to see lak(*l(*ts of i*lear 
fluid colh'cti ng within the t*gg, the 
physiologi(*al (*x))r(\ssion of tin* s(*cretory 
activity of these nt'wly matured troplio- 
blasf (*ells. As the fluid incr(^as(*s the 
trophoblast membrane is crow’dt^d aw'ay 
from the inner-e(*ll mass and the lakelets 
coalesce as a common central reservoir. 
The (*gg IS thus conv(‘rted into a thin- 
walled V(*sicle tcns(*ly distend(*d with 
fluid It is when eggs n*a(*h this stage 
that tlM*y an* given the title of hlasto- 
c.vst Pp to this tiiiK* the egg lias he- 
(Mune no large*!* than it was at the ont- 
s('t, but now* growth Imgiiis and the 
ineivase in size* of the egg is in propor- 
tion to the iner(*ase of the fluid wuth 
wliah it is distending itself. 

Jl should he explained that cleavage 
of the (^gg into small units and the dif- 
feivntiatioii of the cells and their 
arrangements into a blastocyst take 
place v(*ry gradually, so slowly that if 
watched with the naked eye* the changes 
would not be det(\ded. Were it not for 
motion-pictures, one would not have 
been able to speak so definitely about 
what happens in the egg as I am doing 
in this paper. It is w^ell known that by 
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motion-pic'tiin* photoj^niplix one ean 
take pictures slowJy and then i)r()jeet 
them rapidly, tliiis revealinj^ movenienls 
otherwise im])er(‘eptih|p It \Nas a p:reHt 
boon to embryology wlnui il ^^as fouml 
that this teehni(|ne could he apj)lied to 
the study of microscopic oh,j(*cts like an 
eg". A triumph in this direction is the 
Levvisdiregory film of the d(*veloping 
rabbit egg, \\hicli has thrown much light 
on nature's marv(‘lous way of trans- 
forming a single c(‘ll into a blastoc\st. 
The more important stages in the cleav- 
age of a mammalian egg and its trans- 
formation int(» a blastocyst are shown in 
Fig. 3. 

Now that the complexities of tlie 
blastocyst liavi* been mast(»red ^^e are in 
a ])osition to direct our attention to 
man. It is at the blastocyst stage that 
our knowledge of the human embryo 
begins. The youngest known human 
specimen in winch the embryo can be 
seen is a blastocyst that has just b(*come 
lodged in tin* maternal tissues and its 
age is reckoned at eleven days. All the 
ova thus far considensl liave b(M*n fre(‘ 
blastocysts. This human attached speci- 
men ditTers in having a great elabora- 
tion of its trophoblastic wall. It is ap- 
parently by virtue of the latter that the 
fienetration of the maternal tissues is 
accomplished, technically kmmn as im- 
plantation, and throughout pregnancy 
this trophoblastic shell continues to have 
a profound (‘ffect upon the surrounding 
tissues. The details of this we will not 
take up. It is sufficient to know that it 
forms a protective sac that incloses the 


501 

embryo and also provides for its nour- 
ishment. 

Thus far very little has Ihsmi said 
about the inner-cell mass. But the last 
shall not b<‘ least Our belated atten- 
tion will now b(‘ entirely concentrated 
on th(*se important cells, for they are 
the ones that form the embryo proper. 
Lying in the center or toward one side 
of the egg, they show^ little sign of 
change or activity until the tropho- 
bla.stic shell has provided the pro])er set- 
ting. With that accomplished, the 
inn(‘r-cell mass b(»gins the active asser- 
tion of its prerogatives, namely: seg- 
mentation, r(*adjustment in fiosition and 
ditferentiatiou. These* cells form an 
embryo in about tlu* same way in the 
Acinous kinds of mammals with only 
minor differences In man, the first 
thing they do is to arrange themselves 
as two preliminary vesicles, the amnioHc 
vvmclf and the yolk-sav vesicle. These 
v(»sieh*s become* vesiculated in much the 
same* way as the (*gg managed it, w'hen 
it changed from a solid cell-mass to a 
blastocyst. It is a clever d(‘velopmental 
d(*vice, and we see examples of the same 
or similar phenomena in the subsequent 
formation of individual organs. We 
next find these two vesicles flattening 
against each oth(‘r, and wdiere they come 
in contact they form a bilaminar plate. 
It is this two-lay(‘red plate, or germ-disk, 
and only this, that forms the embryo. 
The remainder is accessory and tem- 
poral’ v, as much so as the trojihoblast. 

Wiieii th(* germ-disk is formed and 
thes(* tw’o layers come tog(*thcr new 


Fm. 4. HUMAN KMBKVOdKXKSrs 

A, The Mn.bEfi ovum, a blas'ixxwst emhkuuld in vterink avall, aboi t 11 days. B, Dktaii> 

DK INNEK-C’ELL MASK OF SAME ONOM, ENT*AI«1ED x CdO U, KMBR\0 No. '1,412, ABOUT 14 DAYS, 
AMNlOTir SAC ABOVE, TRANSPARENT YOLK SAC BEI.OW ; J), TRANSVERSE SECTION OF KMBRYO NO. 
5,9(50, ABOUT 10 DANS, SHOAVINO OKRM DISK AVH1CH GIVES RISK TO THE EMBRYO. IT CON- 
SISTS OF THE PORTIONS OF THE TWO SACS THAT ARE CONTAlT AND THE INTERMEDIATE LAYEfC 
THAT FORMS HETW^EEN THEM. E, Mode:L OF SAME KMBRYO, 30, ROOF OF AMNIOTIO SAC REMOVEJ> 
EXPOSING FLOOR OF GERM-DISK. F, InGALLS ’ EMBRYO, ^ 2^, ABOUT 18 DAYS. G, BAYNE EMBRYO, 
X23, ABOUT 19 DAYS. H, UORNER EMBRYO, X 23, ABOUT 20 DAYS. I, AtWELL EMBRV O, X 1 5.5, 
ABOUT 22 DAYS. J, EmBRYO NO. 6,097, Xl2, ABOUT FOURTH WEEK. K, EmBRYO NO. 1,380, 
V 8.5, ABOUT FIFTH WEEK. L, EMBRYO NO. 6,202, -^2.5, ABOUT EIGIITll WEEK. 
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thinj^s bejjfin to happen and the develop- 
mental tempo speeds up. The two layers 
are different in eharaeter and tliey in- 
teract on each other. This I’csults in 
the differentiation of new types of cells. 
As new cells arise new interactions take 
place. ])roducinf? other new cells which 
in turn jrive rise to further new reac- 
tions. In consequence W(‘ have not 
only the new kinds of cells that are pro- 
vided by sef^rejjfation and intrinsic dif- 
ferentiation but also thos(* that are de- 
rived from the influence of one kind 
upon another and from otlnn* environ- 
mental interactions. The structure of 
-our tissues thus becomes prof^ressively 
more intricate and we he</m to speak of 
orp:ans and definite body parts. 

The ^ross aspects of human embryo- 
jrenesis are shown in Fij? 4. Startinpr 
with the Miller ovum (A and H) one 
recognizes a blastocyst submerj?ed in the 
uterine tissue. Its wall is hiji:hly elabo- 
rated and its cavity is filled with coapfu- 
lated plasma. In the plasma can be 
seen the inner-cell mass, especially in B, 
wiiere under hiprher majjrnification its 
details are better shown. The inner- 
cell mass forms two main cell a<j:fi:re{xa- 
tions, one of which in Fi*? B has already 
taken the form of a vesicle, the other 
soon does the same and so ^^e have an 
amniotic vesicle and a yolk sac vesicle. 
These can be seen in Fif?. C in a slightly 
older embryo. The tliin transparent 
yolk sac is below and the flattened 
amniotic sac is above, beinj? opaque, due 
to its thick floor. D is a transverse sec- 
tion throiufh a similar embryo .showinji: 
the amniotic vesicle above and a portion 
of the yolk sac below. Between them a 
new layer of cells has formed, the meso- 
blast cells. When the amniotic sac and 
the yolk sac come in contact, to|?ether 
with the cells that are proliferated be- 
tween them, there arises a trilaminar 
plate or prerm-disk, and it is tliis that 
j?ives origin to the body of the embryo. 
At fimt flat or slightly convex, it be- 


comes converted by thickened longi- 
tudinal ridges into a tubular or larva- 
like body, the successive stages of which 
are slumn in Figs. F to 1. This occurs 
during the third and beginning of the 
fourth week. There then follow the 
changt^s of the second month shown in 
Figs. J to 1 j. By the end of the second 
month the principal external features of 
the body can be recognized and our 
specimen acquires the status of fetus 
and is thereafter so designated. 

Our briefly told drama of the origin 
of a new individual is all but finished. 
There only remains now for it to grow 
bigger and better and to live happily 
ever aftiu'. But this drama has an epi- 
logue and 1 am sorry to say a sombci’ 
one. For the individual doesn^t always 
grow bigger and better, and doesn’t 
always live happily ever after. Eggs 
are not all alike. We can no longer take* 
the view that an egg is ,iust an egg- — 
wdth nothing more to b(‘ said about it — 
a kind of biological molecule which is 
fixed and fast and necessarily perfect at 
the outset. 

There is the common expression “as 
like as peas in a pod.^^ But the farmer 
knows that peas in a pod are not alike 
He has learn(*(l to be very particular 
about the peas he plants and, moreover, 
with every kind of seed with which he 
deals. Tlie biittiT and egg man pru- 
dently Holes the size of hens’ eggs and 
whether or not they are fresh. But the 
])oultry raiser needs to know’ more than 
this. lie has been taught that the hatch- 
ing quality of eggs is an innate consti- 
tutional character, therefore he inquires 
about their family history. If one takes 
a clump of frog^s eggs and places tliem 
under slightly unfavorable conditions, 
it is found that some of the eggs develop 
and others do not. By regulating the 
severity of the environment one can 
nicely control the number that will fail 
to develop. The eggs are not alike in 
their ability to develop in face of hard- 
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ships. It has been shown in tlie piji:, 
whtnv there are litters of approximately 
twelve ejjfgs, all subject to the same en- 
vironment, that as many as 2.") per cent, 
of the egffTS shed are not "ood euoiij^h to 
reach birth as living: individuals. The 
failures are found in the reproductive 
tract, arrested in various stajres of de- 
velopment in jiroportion to thi‘ (l(*^ree of 
their poor quality. A similar incidence 
appears to be triu» for man and it is just 
such specimens that make* up a lar^xe 
j)art of the material that the physician 
encounters in arrested pre<j:nanei(‘s. 

The importance of (piality of the ej^jr, 
and of course T include both its maternal 
and paternal elements, is not limited to 
ut(‘rine life Whether the infant sur- 
vives its first year depends in consider- 
able ])art on the original (piality of the 
ejr^ If they withstand the usual v\(*ar 
and tear of life until between fifty and 
sixty yivirs th(*y conform to the actuary’s 
expi'ctation of lif(‘ at birth — and to the 
(*mbryoloj?ist’s expectation of the pen*- 
formance of an of averajre (piality 
It IS only the extraordinaril.N j»ood (‘jrjx 
that is still ^oin^ stronjr at 80 >ears, and 
we s(*(‘ him (or her) do this in the ab- 
sence of any exquisite hyfj:i(Miic nVian^ 
(»r environmental favor 

W(» hav(* been spc^akinji: of th(» ej?*? as 
a whole and have point(*(l out that it 
d(*velops and liv(*s in proportion to the 
vitality with wiiich it is endowed, (iood 
produce hardy lonj];-lived indi- 
viduals and poor eg:p:s succumb durinji: 
iiitra-iiterine life, infan(*y or (*arly 
y(*ars of maturity. The ej^f? as a whoh*, 
of course, consists of a multitude of ele- 
ments and it is the sum and intej^ration 
of th(»se that determines its fate. Thus, 
if we w'ould kiiow^ the quality of the 
we must determine the quality of its 
parts. As a whole the ('ji:*? may be a 
satisfactorily performinj? mechanism, 
although certain portions of it are of in- 
ferior quality. One finds, in fact, that 
it is normal for the component elements 


of the to differ among themselv(\s 
in such qualiti(^s as endurance, vulner- 
ability and (‘apacity for growth. One 
also finds that th(»s(* (litfereiici\s vary in 
different eggs and that tluw are heredi- 
tary. Our body is not like the (beacon’s 
masterpiece that went to pieces “all at 
oime and nothing first.” We are more 
like the aiitomobih^, nia(l(‘ of mal(n’ials 
of uneijual durability, which reaches the 
automobile grawyard while much of it 
is still strong and intact. Similarly in 
the autopsy room we see human mecha- 
nisms which are wivcked only because 
of injury or defect of some siiigh*: crit- 
ical organ, for the loss of wiiicli the body 
could not compensate. In numerous 
unimportant functions the uneipial en- 
durance of our varhms tissues is a mat- 
t('r of common obsiTvations. We tak(» it 
for grant(‘d that our t(»eth are going to 
yield to decay early W(* expect to use 
spectach^s at fifty yinirs. In some fami- 
lies the hair bi^'orni's streaked with gray 
in (*arly adult life. In otlnu* familms 
the hair follich’s th(*ms(»lv(*s, normal 
enough in (»arlier years, degenerate pre- 
matun*ly, with genetic pnvision, in 
spite of th(» most desperate efforts to 
pr(*V(»nt it. On the other hand, some of 
our fissiK's are super-tissu(*s which do 
their work (‘asily without sign of wear- 
ing out and apjx'ar (*a])able of a much 
gr(‘ater life sjian than is granted tlumi. 
Some of our tissues have the power of 
.self-nqilacement and it would appear 
possible for such to carry on imh^finitely. 

Tln'^iC ordinary diffen*nc(‘s in tissue 
quality found in the normal individual 
intergrach^ with cases w^here the ditfer- 
enc(>s are more (»xtreme One tluni b(‘- 
gins to sp(*ak of them in ti'rms of (lis(»ase 
and th(\y Ikm'oiik* of more serious conse- 
(pimiee. Und(^r this heading would 
(‘ome such affliedions as familial retinitis, 
an inheritable condition in which the 
retina after functioning normally in 
youth degen(»rates in the earlier years 
of adult life with resultant blindrn^ss. 
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An analof^ous iiilu‘ritable deterioration The Health Department of Baltimore 
oeenrs in the orj^an of henrinjr, and such piibUsln*s annual mortality tables, like 
famili(‘s have learned to dread i)rema- other lar^e cities, and there one sees tlie 
ture deafness. To these mij?ht be added causes of death tabulated in various 
many obscure deji^enerative elianjjfes that ways. In addition to bein*,^ a black-list 
attack nerve and muscle tissues in of undesirabh* afflictions, perusal of 
middle life. It is also probable* that these tables reveals that deaths from a 
degenerative ilLseases of the heart and ji^iven disease do not in j^eneral occur at 
blood vessels are to be explained as well a sharply circumscribed time of life but 
by the constitution of the ^(*rm-plasni are wid(*ly spread over the older age 
with which tin* individual started lif(* ])eriods This becomes intelligible if 
(that is, the inherited vulnerability of one accepts the point of vieu that there 
his vascular system) as by the much is an egg-determined life span and an 
blamed overwork, overeating, oversmok- egg-determinetl vitality of individual 
ing and ov(‘rdrinking, wliich in other organs. Thosi* persons, for instance, 
individuals do not result in a compar- who are destined to die of cerebral 
able damage. apoplexy are found to meet their fate 



AGC 

FIG. T). DIAGKAM SHOWING DKATH RATE AT EACH AGE FOR DEATHS FROM 

ALL CAUSES TAKEN TOGETHER 
(Pearl, ‘‘The Biology of Death/' Lippincott and Co., Philadelphia.) 
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VU\. (i. A S(’I[KMA 1\ WIIKM! (^rAJ.JTV OR KNKR(;Y OF TllF 10(10 TS RKPRIO- 
SKNTKT) AS A CONTROLLING KLEMFNT JX LONGKVTTY 
Life is shown as a balmstic r\ kvk, the form and span of whh h akk determined by two 

FACTORS, NAMEIiY: THE INITIAE Ol’AMTY OF THE EflO AND THE RESISTANCE IT MEETS IN ITS 
FCRTHEH (OIRSI*. 1 n THE THREE CIKVES, CHOSEN AS TYIMCAE, IT IS ASSIMED THAT THESE 
INDIVIDCAES I NlOl'NTKR THE COMMON WEAR AND 'IT All OF F.XISTENCI* '^H^ DIFFERENCE IN TIIFIR 
LIFE SPAN RESl LTS ENTIKEL^ FROM THE DIFFERENCE IN THEIR INITIAL (JCALITY. WkRE THE 
WEAR AND TFAR C.RFATER OR LESS THF CCRNES WOl LD BE (X)UHI'SPONDIN(ILY ALTERED In Sl'CH 
A SC’HFMA THE RFLATI\ E INITIAL QCALITY OF THE KHH (’AN BE FYHRESSED IN TERMS OF DEHREES 
OF THE ANCILK OF PRTAIAR’V INC’LINATION. 


Ht various ajics from forty to cij^lity 
years and more, in aeeordaiiee AMth their 
individual vulncn-ahility to tliat type of 
deterioration. The same is found true 
for malignant tumors, disiNises of the 
heart, cirrhosis of the livcu’ and ehronie 
nephritis In otlier words, tlie aj^e lev- 
els in mortality table's are not deter- 
mined solely by the nature of the dis- 
eases but are e((ually dc'pendenl on the 
extcuit of vuincrahilitic's of the indi- 
viduals affected. 

A mortality curve based on a larj^e 
amount of data showing deaths from all 
causes is rejiroduei^d in Fig 5. It will 
be seen that tlie number of d(\atlis is 
very high immediately after birth. Fall- 
ing abruptly, the mortality curve is low- 
est at about eleven years. From that 
point it gradually ascends until the old- 
est ages are all gathered in This is as 
one would expect it, except for the ex- 
ces.sive infant mortality. Vigorous ef- 
forts have been made to reduce the latter 
and Avith some success, but it is still a 
dangerous thing to be under one y(*ar 
old. The reader may be surprised to 
learn that 10 per cent, of all deaths in 


Baltimore last year (1920) wore re- 
cruiled from this age-group, and in 
former ,>ears the proportion has been 
nearer 20 per cent. This large infant 
mortality, however, can be understood 
if one remembers the cliange in living 
(MHiditions the infant meets at birth. In 
tlie prenatal state lie enjoys higlily 
favorable ai'rangements in respect to 
temperature, respiration, food supply 
and absence of iiifeetions; and even 
fetuses of poor (piality can make a 
*‘go^' of it Hut with the advent of 
birth the less well-endow^ed babies are 
not able to survive and nature’s first 
great sorting of the fit from the unfit 
talv< s phu'e with its terrible toll. 

The traditional concept of disease and 
death ]iortrays for us a grim reaper 
wdio, stalking about with scythe and 
hour-glass, embraces Avith his bony arms 
the uiiAvary laborer at his task Death 
has been conceived of as a horrid person 
Avho to some extent can be eluded 
through magical charms, cleverness or 
divine aid. The classical w’ay of life 
(Fig. 7) is a uniform procession from 
infancy to tottering old age, any de- 
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parturo from whirh is abnormal. In 
more recent times disease, for the most 
part, became the eonsecpience of various 
evil inieroseopie orfjfainsms or injurious 
viruses, and when all these were (‘radi- 
cated from the surface of tlie (‘arth uni- 
versal w^ell-beinj; would prevail. We 
still to-day think of ^erms as (^vil, but 
other factors have entered. We liave 
learned that the same }?erm is not equally 
injurious to all persons. Th(‘ (*ampai<*:n 
on their complete (eradication is slacken- 
ing and the problem lias been sliifting 
to the matter of individual resistance. 
Inst ('ad of the traditional conc(q)t of life 
of Fig. 7, a new’ .schema must therefore 
be .substitut(Hl in which the span of life 
is determined by tw’o opposing factors. 


namely, the initial energj’ or quality of 
the egg and the resistaiie(‘s it subse- 
qiKUitly encounters. 

It is not my intention to proeeisl 
further with the complieati'd probhun 
of disease or wdth the various fa(*t()rs 
that und(»rlie body def(»cts and death. 
But 1 hope .some impression has be(*n 
c()nvt‘y(*d as to w’hat man is like at tlu' 
b(^ginning and that my thesis has been 
made clear that this tiny ('gg contains 
not only his po.s.sibiliti(‘s in tin' way of 
morphological characteristics and men- 
tal attainments but also determines wdiat 
endurance he is to have in meeting the 
various viei.ssitudes of lif(‘ that are lying 
in wait for him. I jet us hope that he is 
a good ('gg! 



FIG. 7. THE WAY OF LIFE: BY FBANCESIO (JAMBA 
Beproduceij im TfiK Baltimore Siirif October, 1930. 



SCIENCE IN THE LIVE-STOCK INDUSTRY 


By Dr. J. R. MOHLER 

C’HIKF, BUREAr OF ANIMAL INDUSTRY, IL S. DEPARTMENT OF AOKK ULTURE 


Thk influence nf science and inven- 
tion in the industrial world is so 
familiar that there is a tendency per- 
haps to associate scientific discoveries 
principally with developiiumts in that 
field. Kevolviiij^ wlieels, eh'ctrical wires 
and new commodities confront tin* 
American ])ublic constantly. Hence it 
is natural that median ical, electrical 
and chemical advancement sliould at- 
tract particular attention. 

E Aids Xati kal Pkoi’essks 
The forces of science are also operat- 
ing: steadily and in a most interestin<r 
manner on life itsidf and the effeids are 
especially visible in our domestic ani- 
mals. Live slock in the Thiitisl States 


are much more numerous than the 
human population, and since their 
breedintj:, fe(*din{^ and ^eiu*ral care are 
under close human control, the effects of 
scKuitific methods are readily seen to be 
on a larjjre scah». 

Without the knowledj^e wliich sciimee 
has «i:iv(‘n jiroducers and distributors of 
live-stock j) rod nets, the present supply 
would be materially less, of lower (|ual- 
ity and probably of *i:r(‘aler cost to eon- 
suni(*rs. Without s(*ientific knowh*df^(* 
the delivery of pure, safe milk in larj^e 
cities would be severely restricted; the 
supply of desirable wool and leather 
would be uncertain; and ham and e«:^s 
would doubtless be found less often on 
our breakfast tabh»s. Amonj? the devel- 



A TON LITTER, 

MEANING THAT THE PROGENY OF ONE SOW WEIGHED TWO THOUSAND POUNDS OB MORE AT 180 
DAYS OF AGE. TlIIS LETTER EXCEEDED THE REQUIREMENT, ATTAINING A WEIGHT OF 2,910 POUNDS. 

r)07 



508 


THE SdENTIPK^ MONTHLY 



(COMPARISON OP LONGHORN STKKR 

OF TIIK TYI*K COMMON FIFTY YEARS AGO» WITH AN IMPROVED HKKF ANIMAL OF TODAY 


opnients larj^ely responsible for im- 
proved conditions in animal production 
are methods expressed through veter- 
inary science, refrigeration, pasteuriza- 
tion, meat inspection and numerous 
related activities. 

Unlike human beinjfs who protect 
their health by adequate housinf?, sani- 
tary sewapfc disposal, cookinp: of their 
food, use of screens and other familiar 
safeguards, domestic animals are con- 
stantly exposed to bacterial and para- 
sitic danfifcrs. Besides, the attention 
pfiven to their health and welfare is 
determined largely by their commercial 
value. A stock owner is unlikely to 
spend more on the treatment of an ani- 
mal than the animal is worth. In fact, 
he could not atford to do so as a general 
practice. Hence the profitable produc- 
tion of our domestic live stock involves 
painstaking methods to prevent animal 
ills as well as exceptional efficiency in 
feeding, housing and general care. 


Fortunately, scientific study has dev(‘l- 
oped many satisfactory methods of pre- 
serving live-stock health and improving 
animal ty|)es. 

Rkseaucu Solves Live-stock 
Mysteries 

A half century ago many mysterious 
losses beset the business of producing 
domestic animals. In parts of the 
Southwest, cattle and hors(\s were ob- 
served to go ‘‘crazy,’’ and in the inter- 
mountain region large numbers of sheep 
apparently in the best of health one day 
would be found dead the next morning 
Muthout visible signs of the cause. 

Cattle owners in the South were per- 
plexed by the “bloody murrain” which 
killed thousands of cattle and reduced 
others to an unthrifty, stunted condi- 
tion. The number raised to market 
condition was, in large degree, a matter 
of chance Various economic factors 
likewise were involved and in some in- 
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staneos state and loeal legislation was a 
material factor, as iji the ease of laws 
to restrict the ravaj^es of sheep-kill injy 
dof>s. 

In those days a visitor to the farms 
and randies of tlie United States ob- 
served materially ditferent types of 
animals than are seen to-day. Cattle 
had larj>:er heads, longer horns and 
smaller bodies. Besides, they required 
a much longer time to r(*aeh market size 
and coiulition than th(*y do to-day. 
Hogs vere fasten* on foot but slower in 
growth and besi(h*s were at the* mercy of 
the then unch(‘eked scourge, hog cholera. 

As time W(Mit on, stockmen h‘arned 
that in dealing willi many specialized 
])roblems long experience counted but 
little. Personal courage and aggn^s- 
sivenf»ss could cheek the inroads of cat- 
tle rustlers and other visible enemies, 
but were poweidess against the elusive 
contagion of animal disease. This con- 
dition resulted, in lH84, in the establish- 
ment of the Bureau of Animal Industry 
in the United Stales Department of 
Agriculture. The same or similar prob- 
lems also stimulated research and ex- 
perimentation in various state institu- 
tions and >v(‘re largely responsible for 


the development of agricultural experi- 
ment stations. 

Ammal Disuases BaoT^niiT under 
Control 

It is true that ‘Miook farming” did 
not appeal to many v(*teran stockmen at 
first, and some of the scimitific explana- 
tions and proposed r(*medi(‘s for various 
troubles fell on unbelieving ears. When 
the Bureau of Animal Industry an- 
nounced that the bloody murrain was a 
fever carried and transmitted by cattle 
ticks, tli(u*e was sk(»ptieism, and when 
th(‘ work of (‘radicating ticks by dipping 
cattle in an arsenical solution of test(‘d 
strength began, there was opposition, 
often of violent nature Dipping vats 
w(‘re destroy(‘d by lawless persons who 
obj(*cted to the innovations which tht*y 
lelt w(‘re being forced upon thmn. But 
time gradually demonstrat(‘d the sound- 
iu‘ss of th(‘ scientists’ re(*ommendations. 
In the case of tick fever, 82 per c(*nt. of 
the t(‘rritory formerly infest(‘d has be(‘n 
freed of the dis(*ase by systmnalii? 
dipping of ticky catth* The average 
jirogress has amounted to about 20,000 
scpiare mil(*s annually. 

The discovery by the same bureau of 



PORTION OF BATKV HERD OFFICIALLY ACtmEDlTED Aft FREE FROM TUnER- 

CULOSIS. 
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WOOL IN THE MAKING. 

The pRonrcTiON or fine wooii has keen matfjually aided by animal hi sbandry RESKAKfii. 


H preventive senun for liojr eliolera rv- 
stored eonfidtHiee in swim* production 
nnd the rnamifaeture of tin* serum is 
now Hn extensive industry. This safe- 
jJTuard to lio" health is especially valu- 
able in rejrions, sucli as the Corn Belt, 
wlu*n* suiiH* an* raised in larjre herds 
and wh(*re an outbreak of dis(*ase 
ainon<r susceptible animals would have 
far-reaching and ruinous consecpiences 
As a further help to hofr-raisers, correct 
methods of usinjr the preventive-serum 
treatment are dmnonstrated by veter- 
inarians of the bureau vho are espe- 
cially trained in ho^-cholera-control 
work. 

Jluriiif? the last tuelve years the 
Department of Ajrriculture, cooperating 
with the states, has wapred an ap:^r<*ssive 
war likewise apfainst bovine tuberculosis. 
As a result the averapre extent of tuber- 
culous infection arnonp; catth* has de- 
creased froih more than 4 per cent, to 
1.7 per cent. In approximately 1,100 
counti(‘s which have been especially 
energetic in the systematic testing of 
cattle within their borders, the infection 
is know'll to be less than one half of 1 
per cent. Scientific discovery, utilized 
in a definite jilan of field operations, has 


made this kind of progress possible. In 
recent years the w'ork of eradicating 
tuberculosis has b(‘en extended likewise 
to swine and poultry, with encouraging 
results. 

Utility of Livk Stoc’k Is 

IN(’RLASEI) 

Simultaneously with the conqu(‘st 
over various animal ills, investigators in 
live-stock bn'eding have (hunonst rated 
how' stockmen may control the size, form 
and general a})j)(*arance of their animals 
through knowledge of the laws of h(*r(*d- 
ity. This knowhMlge is now* r(‘cogniz(‘d 
as a practical means for increasing th(» 
utility value of domestic animals as well 
as for controlling color, horn dev(‘lop- 
ment and other (lualities. Thus, 
through knowdedge of animal breeding, 
the modern stockman has virtually 
bi'come a scul])tor in living fl(*sh and 
the most able breeders are virtually 
de.signers of the lat(‘st models of domes- 
tic live stock. Through breed associa- 
tions and live-stock shows and exposi- 
tions, the types of animals considered 
most desirable for present needs are 
publicly recognized and aw'ard(‘d prizes. 
The types naturally vary, depending on 
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tho purpose for which raised. Aceord- 
in{>:ly, tlier(» are well-nuirked differences 
between cattle for beef and dairy ])ur- 
poses, horses for li^ht-liarness and draft 
service, and belween slieep intended 
primarily for the ])rodnetion of wool as 
contrasted with tlie so-called mutton 
bre(*ds. 

liesides aidin<»: li\ e-stock jiroducers in 
safejxuardinjr tlunr investment and in- 
ereasinp: the usefulness of their animals 
scientific res(*arch continues to make 
still other valuable contributions ft 
has furnisluMl a simple and accurate test 
for the fat content of milk and investi- 
««:at()rs are now conductinjr intricate* 
studievs on tin* (luality and palatability 
of meat IJesearch has d(*termined, for 
instance, that the hatchahility of e^^^rs is 
influenced by sucli factors as inbreed- 
inj? of the parent stock and by the epian- 
tity of animal jirotein in tin* feed of 
h(*ns, as well as by conditions of incu- 
bation 

Science like'wise has furnislied the 


background for the extensive federal 
meat-inspection service which super- 
vises all processes in the slau^diter of 
about To million head of stock annually 
and the handlinji: of their meat. In this 
work veterinarians, patholo^^ists, ch(*m- 
ists and sanitary experts all contribute 
to the hi^dily efliedent system that is now^ 
acci*pted as a necessary part of modern 
livinj^ 

( V)nsid(*rin*r that live stock have been 
kept by man for fully oO c(*nturi(*s, it is 
indeed noteworthy that ihe last of) 
\ears liave witm‘ssed the most ontstand- 
in<r iirojrress in breediiifr and raisinjx 
domestic animals, sa fe<ru a rdinjj: their 
health and wc'Ifare, and finally utilizing 
their products. 

Snows OpPOKTrNITIKS FOK 

FtiHTIIUU l^UOdllESS 

Y’lthin the same period ^reat im- 
provement in breeds and types has like- 
wise occurnsl. Records of production 



THE IMPKOVEMENT OF POULTHY. 

Poultry, as well as the larger farm animals, ark rfing improved by skleltive iiheedino 

COMBINED WUTH SCIENTIFIC METHODS OF FKKDINfl, CARE AND HOI SING. 
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by inclividnal animals liave stoadiJy in- 
creased. It is not unusual for dairy 
co\\s to produce more than 20,000 
pounds of milk annually, for a litter of 
])i^s to wei^h more than a ton at six 
montlis of af?o, or for a well-bred hen to 
lay Jiiore than 250 ejx^rs in a year All 
th<»se fi{ 2 :ures greatly (‘xeeed ordinary 
performance and point to ^oals that are 
readily accessibh* by the means that 
modern kmmledjifc has made available. 

Though we liave cause to he {grateful 
for the contributions of i-es(‘areh to our 
welfare, ii true appraisal of science in 
the live-stock industry shows, however, 
that Nature is still our j^reatest benefac- 
tor. No invest ijjfa tor has thus far 
evolved a fully satisfactory substitute 


for meat, milk, leather, e«:^s, and scores 
of other animal products. And the 
abundance of these products in daily 
use indicates preference for them to 
many articles resulting: from purely 
artificial processes. Thus we are ricldy 
endowed by having, in the animal re- 
sources at our disposal, a plastic livinjr 
material that we can adapt to our 
chanjrinfi: needs 

Formerly, in the wild state, animals 
w'ere both a source of dan«>:er to man- 
kind and a sonunvhat uncertain I’c- 
source. Jbit under domestication and 
with tin* increasiiif? knowledfre that 
science has provided, the lower animals 
have become one of the most valuahh* 
assets of our civilization 



LEPROSY IN THE UNITED STATES 


By Dr. WILLIAM W. FORD 

ntoncsBOK or bactekioijOot, school or HTOixm and rusLic hsai/fh, jobms hopkims 

vmwaam 


Thb history of leprosy has always 
been of i>eculiar interest to members of 
the medical profession because of the 
important problems which have arisen 
in regard to its causation and mode of 
spread. No less interesting has it ap- 
peared to the non-medical, since refer- 
ences to it abound in Biblical and 
secular literature and many an indi- 
vidual, doctor, nurse, priest or pastor 
has devoted years of self-sacriflcing 
effort to the care of the unfortunate 
lepers, in spite of the hardships which 
had to be endured and in the face of a 
possible transmission of the infection 
from the victims of the disease. Re- 
ligious orders of nearly every denomina- 
tion have been active especially in their 
care, and in many regions it has been 
to the inspired members of these orders 
that the lepers have looked for attention 
during life and for spiritual consolation 
in their closing hours. The life and 
death of Father Damien, the Belgian 
Catholic priest who went to the leper 
colony in Molokai and who eventually 
contracted the disease and died from it, 
have been immortalized by Robert Louis 
Stevenson.' Books of travel and ro- 
mantic literature are full of references 
to leprosy. In Richard Burton’s 
’‘Ultima Thule,” which is an account 
of his visit to Iceland in 1872, there is 
an excellent description of the disease, 
and the picture of leprosy given by Lew 
Wallace in ‘‘Ben Hur” has aroused the 
compassion of countless readers. Of 
especial interest is the extent to which 
lepers and dramatic incidents connected 
with them have been depicted by great 

1 Robert Louie SteTensoii, “Father Damien: 
An Open Letter to tiie Beverend Dr. Hyde of 
Honolnln.” « 


artists of the past. One need mention 
only Donzello’s ‘‘Saint Martin” in the 
National Museum in Naples, the ‘‘Job 
with Wife and Friends,” by Lucas 
Cranach, or by an artist of the Cranach 
School in Frankfurt a.M., the “Job,” 
by Albrecht Diirer in Frankfurt a.M., 
the ‘‘Saint Elisabeth with a Leper,” by 
Holbein in Basel, and the ‘‘Saint Elisa- 
beth,” by Murillo in Madrid, to indicate 
how frequently lepers appear in the 
great canvases of the old masters. 

Modern knowledge of disease, and 
especially the study of the origin and 
spread of the type which is called con- 
tagious or communicable, has taught us 
much about leprosy and we now realize 
that many of the ideas formerly enter- 
tained in regard to it were erroneous. 
We know that leprosy is not violently 
contagious, does not pass rapidly or 
easily from person to person, appar- 
ently- requires a long period of exposure 
and that its spread in a community is 
determined by many factors in addition 
to the presence of a leper. Yet the fear 
of leprosy which has come down to us 
through the passing of 2,000 years and 
more is still entertained by many and 
at times stimulates a cruelty and per- 
secution which are reminiscent of the 
Dark Ages. 

Leprosy, also called Leontiasis, Saty- 
riasis, Elephantiasis Cfraecorum, Lepra 
Arabum, Aussatz in Herman and 
Spedalsited in Norwegian, has been 
known from early times. It is now be- 
lieved that the word ‘‘leprosy” as used 
in the Biblical sense was a generic term 
covering various sorts of skin disorders 
which rendered the afflicted individuals 
‘‘unclean” and disqualifled them for 
the worship of Jehovah. The dfBserip- 
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tion found in very early Japanese 
medical writings probably refers to an- 
other ailment, but the disease now 
regarded as leprosy was apparently 
recognized in China in the twelfth 
century before Christ. The leper 
whiter than snow,” however, was not 
a victim of leprosy but rather of a 
totally distinct skin disease now called 
leucoderma. While the ultimate origin 
of the disease is masked in impenetrable 
obscurity, satisfactory accounts of it 
were given by Aretaeus in the first cen- 
tury of the Christian Era and in the 
second century Galen described it from 
the cases he saw in Prance and Spain. 
It was known in Egypt and India, as 
well as in China, long before the Chris- 
tian Era and was wide-spread in all the 
countries about the Mediterranean Sea. 
Carried westward by the Roman soldiers 
and traders when the power of Rome 
was at its height and later disseminated 
by the Crusaders, it spread throughout 
Europe and became a scourge in the 
Middle Ages, reaching Prance, Ger- 
many, England, Ireland, Scotland, the 
Scandinavian Peninsula and many of 
the outlying islands of the North Sea. 
Gradually the disease came under con- 
trol, probably in large part as a result 
of the strict isolation of the afflicted, an 
isolation which we now regard as cruel 
and unnecessary. With a practice 
based on the Mosaic laws as laid down 
in the book of Leviticus the lepers were 
driven away from families and friends, 
forced to live in out-of-way, desolate 
places, to subsist largely on charity, 
their food and clothing procured by 
stealth, and compelled to announce 
their presence by crying ‘‘Unclean,” 
shaking a rattle, ringing a bell or blow- 
ing a horn. -Indeed in some particulars 
their persecution went far beyond this, 
for sometimes their property was con- 
fiscated by the state, when they were 
people of means, and usually the civil 
authorities cut them oflf from human 
society when the disease was discovered 


by medical inspection (Lepraschau), so 
that they were legally dead from that 
time on. But it must be remembered 
that these cruelties were perpetrated in 
a cruel age when capital criminals were 
hanged, drawn and quartered, when 
political crimes were expatiated by 
breaking on the wheel, when men, 
women and even children were burned 
in frenzies of religious zeal, and when 
petty malefactors were stretched and 
jerked upon the scaffold so that the 
joints of the long bones were dislocated 
and they became hopeless cripples. 
One likes to think rather of the consid- 
eration and kindness with which lepers 
were treated in the period of awakening 
enlightenment at the end of the Dark 
Ages when, after the example of Basil 
the Great at Caesarea, over 20,000 leper 
homes were established in Europe and 
where the leper was at least sure of 
food, lodging and a place in which to 
die. 

As a result of the stringent regula- 
tions and the segregation practiced in 
Europe during the Middle Ages, the 
number of cases diminished with con- 
siderable rapidity and the disease died 
down except for isolated instances ap- 
pearing from time to time over a wide 
area. It persisted in several places 
which are of interest to America, for 
foci of leprosy remained in Brittany 
and Normandy, in the Scandinavian 
Peninsula, particularly in Norway, and 
in Iceland. In the south, leprosy was 
common on the West Coast of Africa 
where it is still prevalent, as well as on 
the East Coast. 

In the area now embraced in the 
United States leprosy appeared quite 
early in several regions. It was re- 
ported in Louisiana in 1784 and is said 
to have been brought by Spanish 
settlers. It got a foothold, however, 
among the families of French origin 
who came from a part of Prance where 
leprosy was endemic. Ever since that 
time the disease has been found in 
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Louisiana and has been in general 
limited to French families. In 1900 
there were 125 reported cases, but since 
then the number has decreased gradu- 
ally but definitely. It has shown little 
tendency to spread to other elements of 
the population. The lepers were origi- 
nally cared for in their homes or ad- 
mitted to some of the hospitals in New 
Orleans. Eventually the state estab- 
lished a leprosarium at Carville. With 
the settlement of Minnesota, leprosy 
was introduced by the colonists from 
Scandinavia, chiefly by the Norwegians 
coming from a country where the dis- 
ease was endemic. The lepers were in 
general isolated and looked after by 
their families, but the facilities for 
their care and treatment were so inade- 
quate and the lot of the unfortunate 
leper so unhappy that Dr. Bracken, 
state health officer, came to their aid 
and by his courageous example did 
much to allay the popular fear of the 
disease. Through Dr. Bracken and 
other health officers interested in lep- 
rosy the United States government was 
induced to take over the Louisiana State 
Leprosarium, which thus became a Na- 
tional Leprosarium. Thirty years ago 
there were about 50 reported cases in 
Minnesota. Since then the disease has 
constantly diminished in frequency, 
partly of course because many of the 
lepers are transferred to Carville. At 
the present time there is but one active 
case in Minnesota, cared for with strict 
isolation under the state department of 
health. In Minnesota leprosy has 
shown no tendency to spread from the 
colonists who brought the infection 
with them to other elements of the 
population, and the state can now be 
said to be free of the disease. 

In Canada the history of leprosy is 
especially interesting, but the facts in 
regard to it are somewhat difficult to 
establish. Foci have existed from early 
times among the Acadians in Nova 
Scotia and New Brunswick, among the 


French Canadians in New Brunswick 
and in a few spots elsewhere. Many 
conflicting stories about its origin in 
Canada have been current from time to 
time, sometimes to the effect that the 
disease was carried by the Acadians to 
Louisiana after their expulsion from 
Nova Scotia in 1755 and again that 
leprosy was contracted by the Acadian 
families during their sojourn in Louisi- 
ana and taken back by them to Nova 
Scotia. The origin of leprosy in 
Canada has recently been investigated 
with care by Dr. John H. Heagerty, of 
the Canadian Department of Health.* 
He states that it first appeared in official 
records as found in Tracadie in the 
Province of New Brunswick in the year 
3815, in a French Canadian family 
coming originally from Normandy, in 
which it was introduced by leprous 
Norwegian sailors. This story has been 
denied and Heagerty points out that 
there is some evidence to show that 
leprosy was present from early times in 
the district known as Acadia, which 
comprised Nova Scotia and a part of 
New Brunswick, including Tracadie. 
A lazaretto was established at Tracadie 
in 1815 and from that time till 1924 
319 lepers were admitted, chiefly from 
New Brunswick and Nova Scotia. In 
Canada again, the disease has tended to 
limit itself to well-defined groups of 
people, but has appeared among fami- 
lies of Scotch, English and Irish de- 
scent, as well as among those of French 
origii' At the present time, the lep- 
rosarium supported by the Dominion of 
Canada at Tracadie, New Brunswick, 
on the Gulf of St. Lawrence, houses 10 
lepers, of whom 4 are French Canadi- 
ans, 3 Russians, 1 French-Scotch, 1 
English and 1 Chinese.* Leprosy in 
eastern parts of Canada is thus reduced 

2 John J. Heagerty, “Four Centuries of 
Medical History in Canada. “ 

8 Personal communication from Dr. Korman 
M. Harris, of the Department of Pensions and 
National Health, Dominion of Canada. 
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to a small number of cases and the dis- 
ease is gradually disappearing. 

Finally, both in the United States and 
in Canada, cases of leprosy have been 
somewhat frequent among the Chinese 
resident in the cities along the Pacific 
Coast such as San Francisco and Van- 
couver. The cases occurring in the 
United States are now sent to Carville, 
while the Dominion of Canada main- 
tains a small leprosarium at Bentinck 
Island, British Columbia, within three 
miles of the quarantine station at Wil- 
liam Head. This leprosarium now 
harbors nine Chinese lepers and is main- 
tained primarily for this group, those 
of other nationalities being sent to 
Tracadie. 

In addition to these well-marked foci 
of leprosy in North America, sporadic 
cases occur from time to time, chiefly 
among inhabitants of Louisiana, Flor- 
ida, Texas and Mississippi, where the 
disease may still be regarded as endemic. 
Occasionally cases appear in other states 
such as Massachusetts,* New York, 
California, Missouri, New Jersey and 
Maryland. In these areas the advanced 
cases are now sent to Carville, while the 
non-infectious are cared for by state or 
city departments of health. 

From this brief review two facts are 
quite clear. One is that leprosy is de- 
finitely decreasing in the United States 
and Canada. The other is that it pre- 
sents no menace to this country. Both 
in Canada and in the United States, the 
cases are recognized early, advanced 
cases are sent to suitable institutions, 
and the disease shows no tendency to 
spread out of well-defined areas. Lep- 
rosy then can not be regarded as a 
public health problem of any impor- 
tance in these countries. To the south 
of us, in Mexico, the condition is not 

4 MoBBachusetts formerly maintained a state 
lopor colony on Penikeso Island, where a few 
cases were segregated. In 1922 this station 
was given up, the active cases being transferred 
to Carville. 


SO favorable, since cases of leprosy are 
fairly frequent, especially in Mexico 
City. This affects the United States 
only when Mexican laborers in this 
country develop the disease, in which 
event they are either sent back to their 
homes or committed to the national 
leprosarium. 

At the present time the United States 
government twice a year gathers the 
lepers found on the Pacific Coast in 
special trains and transfers them to 
Carville. From 1894 to 1928, 718 have 
been admitted to Carville and 300 cases 
are now under treatment there. 

With the acquisition of the Hawaiian 
Islands (Sandwich Islands) and the 
Philippines in 1898 the problem of this 
disease took on a somewhat different 
aspect for our government. In the 
Hawaiian Islands, a population of about 
100,000, with a large amount of leprosy, 
was added to our numbers. Here the 
disease was introduced about the middle 
of the nineteenth century, apparently 
by the Chinese. The infection spread 
rapidly among the Hawaiians and 
reached such alarming proportions that 
the native government, in 1864, estab- 
lished a leper settlement at Molokai,® 
the administrative control of which was 
assumed in a general way by the United 
States with the annexation of the 
Islands. The number of new cases in 
Hawaii has varied greatly from year to 
year, reaching 558 in 1888 and falling 
to 23 in 1908. The average yearly 
number is now about 50, and the disease 
has been found chiefly among the people 
of native blood. In 1890, 1,230 lepers 
were in isolation. Since then the num- 
ber has decreased considerably and in 
1928 had fallen to about 700. 

In 1898, when the Philippine Islands 
were taken over by the United States, 
we acquired a new population of 7,000,- 

» See * * The Public Health Aspect of Lep- 
rosy,^' by Dr. George W. McCoy, Boston Medi- 
cal and Surgical Journal, 1917, Vol. 126, No. 2, 
pp. 43-48. 
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000, now increased to about 13,000,000. 
Leprosy is a common disease among the 
inhabitants of these islands. It is said 
to have been brought to the Philippines 
by a boat-load of 150 lepers sent there 
by the Japanese about 1750, but it must 
be remembered that leprosy was still 
endemic in Spain at that time and that 
Spanish colonists may well have carried 
the disease to the Philippines, just as 
they probably did to large areas of 
South America, Central America and 
Mexico. At any rate leprosy spread 
rapidly among the native Filipinos and 
soon became one of the prevalent ail- 
ments. It is estimated that there are no 
less than 200,000 lepers in the Islands 
at the present time, spread among all 
the native tribes, among the Japanese 
and Chinese. A detention service is 
maintained in Manila in the San Lazaro 
Hospital, but the majority of the lepers 
are sent to a leper colony at Culion 
Island, a remote spot where between 
5,000 and 6,000 cases are now housed 
and treated. Other hospitals on the 
island look after a great many in addi- 
tion. Recently, under the Manila Board 
of Health and Leonard Wood Memorial 
Association, treatment stations for lep- 
rosy have been established at various 
points and a determined effort is being 
made to combat this scourge. Research 
is fostered, experts are trained, and 
correct information spread throughout 
the land. 

Finally a word or two may be said 
about the purely medical aspects of 
leprosy. It is in general one of the sad- 
dest of human spectacles, chiefly be- 
cause of the outspoken aspect of the 
lesions, but partly from the hopeless 
character of the infection. It appears 
in two main forms, the nodular type, in 
which nodules develop beneath the skin 
in various parts of the body, and a 
macular-anesthetic type, in which erup- 
tions occur on the surface and in which 
extensive areas are rendered anesthetic 
with loss of sensation. The nodules 


may become large and deforming, the 
face may become so changed that re- 
semblance to the human facies is almost 
lost, the swellings may break down and 
ulcerate, giving rise to foul, ill-smelling 
masses. The eyes are affected and sight 
is frequently lost. Ulcerations occur in 
the nose and mouth, and the larynx may 
be involved, causing extreme shortness 
of breath. The anesthetized parts are 
so easily injured that fingers and toes 
may actually slough off almost without 
the knowledge of the patient. Alto- 
gether the advanced leper may present 
about the most horrible of human mon- 
strosities. The disease is essentially 
chronic, and the period from the out- 
break of symptoms to the fatal termina- 
tion may last for years. This chronicity 
of leprosy, with the prolonged period of 
contact necessary for transmission, its 
long incubation period, its slow develop- 
ment from the period of recognizable 
lesions to its eventual termination and 
the leisurely spread in the population 
is well pictured by Sudhoff,® formerly 
professor of the history of medicine in 
Leipzig. From the early days of bac- 
teriology investigations on the cause of 
the infection have been carried out in 
various parts of the world. There can 
be little doubt that the etiological agent 
is an organism described as the leprosy 
bacillus by Hansen in 1880. This or- 
ganism closely resembles the tube^'cle 
bacillus, the cause of tuberculosis, but 
it has never been definitely cultivated 
outside the body on artificial media. 
Nor has leprosy ever been transmitted 
to the lower animals. The presence of 
the leprosy bacillus is diagnostic of the 
disease, however, and is our chief means 
of assured recognition. Leprosy is 
transmissible from person to person and 
never appears spontaneously in a com- 
munity free from it. Prolonged con- 
tact with a case seems to be necessary 

0 Karl Sudhoff , ^ * Epidemiological Bulea of 
the Past,'^ in “Essays in the History of Medi- 
cine, ’ ’ translated and edited by P. H. Garrison. 
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to transmit the infection, the kind of 
contact which comes from living in the 
same house, eating from the same uten- 
sils, washing the clothing of lepers over 
long periods. The disease is not heredi- 
tary, and children of leprous parents, 
removed from them immediately after 
birth, do not develop the infection. The 
incubation period, that is, the time be- 
tween exposure and the outbreak of 
definite signs of the disease, is long and 
subject to great variations. It may be 
as short as two years and as long as ten 
years. Various factors seem to play a 
role in the propagation of leprosy, that 
is, in the origin of epidemics, and these 
factors are by no means clearly under- 
stood. At times it seems to spread in 
family stocks. Thus Hopkins and 
Denny,^ in their careful study of lep- 
rosy in the national leprosarium at Car- 
ville, have pointed out a distinct 
familial tendency in Louisiana, in that 
leprosy appears in closely related 
families. Again it seems to spread in 
racial stocks, as in the Hawaiian Is- 
landers, but McCoy believes that this 
is not necessarily a racial tendency but 
may result from habits of living or 
other factors. Climate has been thought 
to influence leprosy, but it may become 
epidemic and remain endemic both in 
the tropics and in cold countries like 
Scandinavia and Iceland. It is doubt- 
ful whether food is a factor, although 
years ago Jonathan Hutchinson pointed 
out that leprosy was apt to occur in 
people who subsist largely on fish. At 
the present time we can say that leprosy 
spreads and remains endemic in certain 
cotmtries like China, Japan, the Philip- 
pines, the Hawaiian Islands, and dies 
out in Northern Europe and in North 

T Hopkins and Denny, “Leprosy in the 
United States.” Eeprint No. 1274, from the 
Public Health Beports of the United States 
Public Health Service, Vol. 44, No. 18, March 
29, 1029. 


America. Certainly in the United 
States and in Canada leprosy does not 
survive under modem conditions and is 
slowly but definitely disappearing. 

The most hopeful thing about leprosy 
at present is our changed attitude in 
regard to the treatment of lepers. It 
has now been demonstrated that, in in- 
stitutions where the disease can be 
treated by approved medical and sur- 
gical measures, the course of the infec- 
tion can be arrested in many individuals 
and the lot of the others be made im- 
mensely happier. From rest in bed, 
outdoor life, abundant food, a regimen 
not unlike that practical in tubercu- 
losis, some cases improve steadily and 
the infection becomes quiescent. Mod- 
ern surgery can accomplish much. 
“Disfiguring nodules may be excised, 
necrosed bones removed, necrotic ex- 
tremities amputated, and by trache- 
otomy permanent relief afforded for the 
laryngeal stenosis so common among the 
unfortunates" (McCoy). Probably the 
most important contribution to modern 
therapy is the use of the drug known as 
chaulmoogra oil or its derivatives. In 
many instances this drug can accom- 
plish in a short time what general mea- 
sures may effect only in months and 
years. Tt has been employed on a large 
scale in the Philippine Islands and 
especially in Manila, where the board of 
health has for some years treated lep- 
rosy with various derivatives of the 
crude oil. Recently the Leonard Wood 
Association has extended the use of 
chaulmoogra oil with gratifying results 
and has aroused our hopes for the fu- 
ture. Wliile leprosy will not disappear 
from the world for long periods, if at 
all, the disease has passed into the 
category of ailments which can be 
helped by modern methods of medicine 
and surgery, and to a considerable ex- 
tent be prevented from spreading. 



THE HAZARD OF THE AUTOMOBILE 

By Dr. JAMES A. TOBEY 

MIW TOBK, H. T. 


In spite of rigid traffic regulations, 
constant educational campaigns to pro- 
mote highway safety, and many other 
efforts, the mortality from automobile 
accidents is increasing at an alarming 
rate in the United States, Automobile 
accidents now result in about five times 
as many deaths in this country as does 
typhoid fever, once a widely prevalent 
scourge. Such accidental deaths have 
now reached the unenviable position 
held by this malady in 1910. Due to 
the efforts of sanitary science, typhoid 
fever is a vanishing disease, especially 
in our cities, and its death-rate in 1929 
was about as low as was that from auto- 
mobiles some twenty years ago. There 
are now, in fact, only about ten dis- 
eases which cause more deaths than do 
automobile accidents. 

Measles, whooping cough, scarlet 
fever and diphtheria combined do not 
take any greater toll to-day than docs 
the automobile. There are as many 
fatalities from automobiles as there are 
from homicides and suicides together, 
and there are more deaths from this 
cause than from either diabetes or 
appendicitis, and about as many as 
from diseases of the arteries. Heart 
disease is now the leading cause of 
death in this coimtry, but even this 
affliction has only about seven times as 
many victims as the automobile. For 
every four deaths from cancer, there is 
one due to the automobile. As an in- 
strument of slaughter, the mechanical 
carriage ranks unduly high. 

The situation is undeniably serious 
and, unlike the mortality from most 
other preventable causes, is getting 
worse. Twenty years ago the automo- 
bile, then somewhat more rare as a pos- 
sible agent of destruction, was a negli- 
gible factor in the mortality tables, but 


to-day it is responsible for more than 2 
per cent, of the total of almost a million 
and a half deaths which occur annually 
in the United States. If the present 
rate of increase continues, as it has for 
the past decade or more, automobile 
accidents will eventually be at or near 
the head of the list. The facts call for 
immediate attention and urgent action, 
in addition to the many attempts now 
being made to cope with the situation. 

Nearly a million persons suffered 
more or less disabling injuries in auto- 
mobile accidents in 1929 and a definite 
increase has been recorded for 1930. 
In 1929 there were more than 31,500 
deaths, a rate 13 per cent, higher than 
in the previous year, although the num- 
ber of cars registered increased only 8 
per cent. There are now about 27 mil- 
lion motor vehicles to infest the high* 
ways, and any tourist will tell you that 
most of them seem to be in action every 
Sunday. It is estimated that there are 

700.000 cars in New York City alone, 
and another 900,000 in the metropolitan 
area. In 1910 there were less than 

30.000 in this same city. Not only is 
the death rate from automobile acci- 
dents rising in the general population, 
but it is increasing per 100,000 cars. 
From 1918 to 1926 the number of acci- 
dent per car declined, but since that 
time it has been steadily augmented 
each year. 

Since 1910 the mortality from auto- 
mobile accidents has gone up almost 

1.000 per cent. The rate for the coun- 
try as a whole ir 1928 was 20.8 deaths 
per 100,000 population, though in many 
states it was much greater. California 
had the worst record, with a rate of 
38.5, according to the figures of the 
United States Bureau of the Census. 
Delaware was second, with 30.7 and 
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Florida third, with a rate of 28.6, which 
was, however, slightly lower than in 
1927. The states with the two largest 
cities. New York and Illinois, had rates 
above the United States as a whole, but 
not excessive in comparison with some 
other commonwealths, though much 
higher than was proper or creditable. 
The New York rate was 22.1 per 
100,000, while that in Illinois was 23.6. 

In all the states except eight there 
were increases in automobile accidents 
in 1928 over 1927, and there were still 
further increases in 1929. The lowest 
rate in 1928, according to the latest 
available data, was in Arkansas, but its 
figure of 10.9 showed a considerable in- 
crease over the 8.8 of the preceding 
year. In the Hawaiian Islands the 
rate went up from 16.7 to 26.0 in that 
one year. 

This growing menace from the motor 
vehicle has not been checked in 1930, 
as the data from the Bureau of Census 
for 78 large cities showed 655 deaths 
from automobile accidents during the 
four weeks ended January 25 of this 
year, whereas there were 612 deaths in 
the corresponding period of the year 
before. The rate has increased just 11 
per cent, in the first month of the cur- 
rent year. For the 52 weeks ended 
March 22, 1930, the rate was even 
higher. It represented, in fact, an in- 
crease of 147 per cent, over the mor- 
tality for 1920. Later records are 
similarly appalling. 

Motor fatalities are no more preva- 
lent in urban areas than in rural. In 
New York State an investigation of 
these accidents in 1927 revealed that the 
death rate outside of New York City 
was higher than in that metropolis, 
being 26.6 per 100,000 for upstate, 18.3 
for New York City, and 22.3 for the 
state as a whole. After allocating the 
deaths to the locality where the acci- 
dents occurred and not where the 
deaths took place, it was discovered that 
the rate for rural New York was 39.3, 
as against 19.4 for urban New York, or 


some 51 per cent, higher among the 
drivers in the open country. 

These unreasonably numerous auto- 
mobile deaths affect every age and class 
of our population. Children under 
fifteen years of age are the unfortunate 
victims in from 35 to 40 per cent, of 
all these casualties. Dr. Bay Lyman 
Wilbur, Secretary of the Interior, was 
right when he stated recently that a 
rattlesnake is a domestic pet compared 
with the automobile. ‘‘Rattlesnakes,’^ 
says Dr. Wilbur, “kill about a thou- 
sand persons a year in the United States, 
but approximately a hundred thousand 
children will be killed or maimed by 
automobiles within the next twelve 
months. We take the automobile for 
granted because it is useful, but this 
usefulness comes to us at great cost.” 

What is the reason for all this car- 
nage by the modern automobile? The 
answer lies, of course, in the human ele- 
ment concerned. The careless, the arro- 
gant, the unfit, the unbalanced and the 
drunken driver are at fault in most in- 
stances. Congestion of traflBc, better 
roadways offering opportunities for 
speeding, lax licensing requirements, 
and possibly greater mental and emo- 
tional instability, due to the complexi- 
ties of modern life, are all factors. It 
has been estimated that at least 10 per 
cent, of all automobile drivers are unfit 
to handle such a complicated mechanism 
as a moving motor vehicle. Probably 
the estimate is conservative. 

Statistics from eleven states having 
nearly one third of the total automobile 
registration of the country, which were 
collected recently by the Travelers In- 
surance Company, revealed that the 
licenses or registrations of 77,704 motor- 
ists were suspended or revoked out of a 
total of 7,178,111 registrants. Driving 
while under the influence of liquor, ex- 
cessive speed and failure to report an 
accident were the principal reasons for 
these revocations, though in three states 
all or most of them were the result of an 
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attempt to mix intoxicants with driving 
ability, or inability. 

Many persons are physically or men- 
tally incapable of being skilful drivers 
of automobiles, even if they do operate 
cars. Others may have been competent 
when their licenses were first issued, 
but have since become incompetent be- 
cause of age or some acquired physical 
handicap. A considerable proportion 
of the automobile accidents are, in fact, 
caused by experienced drivers, or at 
least by persons who have had licenses 
for a number of years. Few, if any, 
states have re-examinations, and none 
requires a complete physical and psy- 
chiatric examination of an applicant. 
At the annual meeting of the American 
Medical Association in Detroit last 
June, a report was adopted urging that 
all drivers of motor vehicles ought to 
have physical examinations by repu- 
table physicians, so that vision and 
other important items could be checked 
up. 

European requirements regarding the 
fitness of automotive drivers arc more 
stringent than in the United States. 
In sixteen European countries, Ger- 
many, Bulgaria, Denmark, Danzig, 
Esthonia, France, Great Britain, Hol- 
land, Hungary, Latvia, Luxembourg, 
Norway, Poland, Sweden, Switzerland 
and Jugoslavia, a medical examination 
of all prospective drivers is compulsory, 
according to the results of an investiga- 
tion made in 1928 by a Belgian scientist. 
Professor Weekers, for the Association 
Professionelle Internationale des Mede- 
cines. In France and Great Britain, 
such examinations must be made only 
of drivers of public vehicles, but in 
other countries they apply to all driv- 
ers, and in some instances they must be 
repeated at regular intervals, sometimes 
one, two or five years. How meticu- 
lously the requirements are enforced 
does not appear from the study. 

A clinical study of 100 traffic offend- 
ers brought before the Recorder's Court 


in Detroit resulted in the startling 
revelation that one of the violators was 
psychotic, or insane, 12 were definitely 
feebleminded, and 42 had inferior in- 
telligence. Of the whole lot, only 13 
were given a clean bill of health as safe 
and reliable drivers, though 97 of 
the 100 had officially issued licenses. 
Nearly one half of the subjects before 
this clinic for drivers were seriously 
handicapped by alcoholism. Such op- 
erators as these not only have accidents 
themselves, but cause trouble to others. 

That there is some glimmer of hope 
in the present American situation with 
respect to the holocaust of automobile 
fatalities is indicated by a recent in- 
vestigation made by the Metropolitan 
Life Insurance Company of New York. 
Although deaths from this cause were 
increased in the aggregate in 1929, there 
were 24 cities which actually displayed 
a decrease. An inquiry was sent to the 
appropriate official in each of these out- 
standing cities, and 15 were courteous 
enough to reply. The most conspicuous 
activity in every one of these munici- 
palities was a campaign of safety edu- 
cation in the schools, although due at- 
tention was also given to effective traffic 
control. 

Education in the principles of safety 
for drivers and pedestrians, plus strict 
enforcement of reasonable licensing re- 
quirements and inspection of automo- 
bile equipment, seems to offer a solution 
to tills problem. More courteous road 
conduct, the curbing of reckless driving, 
especially when the motor vehicle op- 
erator has been plied with poor liquor, 
and attention to the mechanical condi- 
tion of the car will do much to reduce 
the many unnecessary and preventable 
accidents which are now accounting for 
too many postponable deaths and avoid- 
able injuries. Complete medical ex- 
aminations for all drivers and rigorous 
exclusion of the unfit is undeniably a 
step that will have to be taken sooUer or 
later. 



WHAT THE FOOD AND DRUG ADMINIS- 
TRATION DOES 

By T. SWANN HARDING 
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The food and drug law, passed in 
1906, had two major purposes. It was 
designed first to safeguard the purity 
of food and drug products and, secondly, 
to enable consumers to avoid economic 
fraud. It was intended then to protect 
the health and the pocketbooks of the 
public and this purpose was to be accom- 
plished by keeping package labels, and 
the advertising matter distributed with 
food and drug packages, absolutely 
truthful. Enforcement was first vested 
in the Bureau of Chemistry. This 
bureau was composed of both research 
and regulatory units and, by July 1, 
1927, it was discovered that greater 
efficiency would result if these were 
separated. The Bureau of Chemistry 
and Soils was then organized as an ad- 
ministrative unit designed to undertake 
research work and the Food, Drug and 
Insecticide Administration (the word 
‘‘Insecticide’’ was dropped on July 1, 
1930) came into being to enforce the 
food and drug law and five other similar 
acts relating to tea, caustic poisons, im- 
port milk, insecticides and fungicides, 
and naval stores, such as turpentine, etc. 
Precisely the same officials had charge 
of the enforcement of this law as before ; 
they could merely work more efficiently. 
Furthermore, exactly the same regula- 
tions were followed by them in law en- 
forcement as had served the old Bureau 
of Chemistry. This much should be said 
to avoid all initial misunderstandings. 

The law is not perfectly enforced. No 
law is. This particular law costs us but 
a penny per caput in the matter of en- 
forcement and only 530 employees, but 
half of whom are technicians, are hired 
for the enforcement of all six laws ad- 


ministered by the Food and Drug Ad- 
ministration. Furthermore it is rather 
ridiculous anyway that the law should 
have jurisdiction over package labels 
and over the statements made in printed 
matter accompanying packages, whereas 
it is without authority to control state- 
ments made by manufacturers regard- 
ing the very same products in news- 
paper and magazine advertising, over 
the radio or on billboards. That leaves 
a large loophole for faulty enforcement 
and requires officials to concentrate on 
read-thc-label propaganda when what is 
really needed is to have all advertising 
statements honest wherever they appear. 
Finally, we can see that it is obviously 
impossible for so small a force spending 
so little money to run down every vio- 
lation of the law. When we further 
consider that 22 labored steps are re- 
quired from the time goods are seized 
until a case is closed, and when we re- 
member the crowded condition of the 
courts, we can see plenty of reason for 
the exercise of considerable ingenuity to 
arrive at efficient enforcement of the 
law under the circumstances. It is also 
plain that the law needs strengthening, 
whereas to-day powerful economic forces 
seem determined to emasculate and 
further weaken it if possible. 

Nevertheless the food and drug law is 
better enforced to-day than ever. This 
may be charged to a variety of factors. 
In the old days under the Bureau of 
Chemistry every case stood by itself. In- 
spectors were accountable to a central 
authority rather than to the chiefs of 
branch laboratories which were then, 
as now, conveniently located. Seizures 
were made irrationtdly and hit or miss. 
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Even if a case was finally won it stood 
entirely alone and unrelated to the work 
on other cases by the same bureau. To- 
day, all that is changed. The eighteen 
branch laboratories of the administra- 
tion have been organized into an East- 
ern, a Central and a Western district 
with headquarters in New York, Chi- 
cago and San Francisco. Chiefs of 
branch laboratories are really chiefs, 
and both inspectors and chemists are 
accountable to them. Campaigns of 
procedure are carefully planned in ad- 
vance and followed rigorously, although 
they are always sufficiently elastic to 
permit a special assault when conditions 
necessitate, as in the most recent influ- 
enza epidemic when a variety of fraudu- 
lently labeled remedies suddenly sprung 
up and demanded action. The estab- 
lishments of manufacturers are them- 
selves examined and reports made to 
district headquarters. In case of ques- 
tionable factory processing, shipments 
of the goods produced are followed into 
other states and inspectors on duty there 
make seizures rationally and with some 
reason to expect fraud. No case stands 
alone, but takes its place in an orderly 
plan. Educational and corrective means 
are used wherever possible, both because 
it has been found that they will give the 
public greater protection, if less noise 
and excitement, than jail sentences, and 
also because it appears that 95 per cent, 
of our manufacturers are quite ready to 
cooperate with the government in com- 
plying with the law once they under- 
stand what is desired. 

To give a complete picture of this law 
enforcement work in the brief space al- 
lotted is impossible. We must therefore 
narrow the subject and use certain 
specific types of remedies and the cam- 
paigns against them as illustrations to 
show how the administration proceeds 
with its work and what protection it 
offers the American public against 
quackeries and falsely advertised rem- 
edies. We shall not Consider foods but 


limit ourselves to the drug products 
which in recent years have fraudulently 
purported to do the impossible. Thus in 
June, 1929, a report was made on a 
special campaign waged against rheu- 
matism cures” during which action 
was taken against 245 such products. 
In fact rheumatism cures have, for some 
reason, led the list of fake remedies 
against which the Pood and Drug Ad- 
ministration has recently had to take 
action. The evils of self-diagnosis are 
quite apparent here, for more aches and 
pains are carelessly regarded as “rheu- 
matism” by laymen whereas they may 
be symptoms of fundamental disorders 
— local infections, tuberculosis, vene- 
real disease — ^which need prompt spe- 
cific treatment. Again, while laymen 
commonly regard gout and arthritis de- 
formans as rheumatism, they are not 
that at all. In fact the trouble may be 
nothing more formidable than fallen 
arches. Certainly no one form of treat- 
ment could possibly remedy all these 
varied aches and pains and even more 
certainly products composed of simple 
plant extractives, red pepper, turpen- 
tine and impotent mineral salts — com- 
mon ingredients of rheumatism “cures” 
— could be expected to accomplish little 
therapeutically. 

Mention of rheumatism brings to 
mind the fact that many of the remedies 
for this disease, which so far completely 
baffles medical science, played upon 
popular knowledge of and respect for 
what are supposed to be radioactive sub- 
stances. Hundreds of such preparations 
were examined by the administration in 
a recent campaign and less than 5 per 
cent, of them contained any radioactive 
substance at all ; these usually contained 
such material in quantities entirely too 
small to have any physiological effect — 
so small in many cases indeed that the 
patient would have to drink several 
gallons of the concoction daily to pro- 
duce an effect. These products came in 
various forms; some were to be steeped 
in water, others to be hung over the bed 
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in small bulbs. An active product of 
this kind would be an exceedingly dan- 
gerous thing for a layman to use and it 
is perhaps fortunate, in a way, that so 
many of them were frauds of an impo- 
tent character. This particular type of 
trickery has been pretty well cleaned 
out for the present, but it must always 
be remembered that new frauds can 
come into existence with almost in- 
credible rapidity. 

In this connection one of the difficul- 
ties the administration faces might be 
emphasized. In the case of court action 
the case has to be so clearly presented 
that a jury of laymen will somehow com- 
prehend the technical points involved 
and act in accordance with the scientific 
evidence presented. But suppose a 
remedy, like Gowan’s Pneumonia Cure 
of early days, is suppressed, as this one 
was by Notice of Judgment No. 180. It 
can become, as this one did, Gowan's 
Pneumonia Remedy and is then ready 
to face a further fight. Ultimately it 
became merely Gowan’s Pneumonia Pre- 
scription. It later appeared in 1928 
as Gowan’s Preparation and was then 
an application recommended for pneu- 
monia, pleurisy, croup, colds, coughs, 
throat troubles, soreness, rheumatism, 
congestion and inflammation. It was an 
external ointment composed of phenol, 
menthol, camphor, turpentine and quin- 
ine sulfate, certainly incapable of acting 
remedially against many of the patho- 
logical conditions named on the label. 
These claims were restricted, but in 1929 
a new manufacturer had bought the 
famous preparation and, while the label 
recommended it only for colds, bums, 
bruises, sprains, sunburn and insect 
bites, it was advertised in the press as 
useful to avoid influenza, coughs, croup, 
bronchitis, etc., conditions which the 
label no longer listed. This illustrates 
two things; first, that a product can 
change its form and its claims quickly 
and frequently, and thus require con- 
tinual watching while acquiring tem- 


porary immunity; secondly, that after 
its package label is scientifically correct, 
it can make impossible claims in news- 
paper and magazine advertising which, 
being outside the scope of the Pood and 
Drug Act, can not be prohibited. 

During the influenza epidemic new 
remedies flooded the market and well- 
known preparations began to make un- 
warranted curative claims. Zonite, for 
instance, advertised itself in the press 
as ‘‘striking directly at influenza’* if it 
were evaporated in a flat dish on a radi- 
ator ; it recommended itself likewise for 
dandruff, wounds, ulcerations, pimples, 
boils, eruptions, sinus trouble, sore 
throat, etc. It is a solution of sodium 
hypochlorite yielding approximately 1 
per cent, of available chlorine. Notice 
of Judgment No. 16217 issued Septem- 
ber, 1929, declared its more comprehen- 
sive claims false and fraudulent. Nozol, 
which consisted of a heavy petroleum oil 
containing menthol, camphor and a red 
dye, claimed to be “unequaled in cases 
of Catarrh, Hay Fever, Asthma and 
General Nose Troubles” and to relieve 
sinus trouble ; in the press it offered sure 
protection against flu. Notice of Judg- 
ment No. 16221 issued September, 1929, 
declared its label claims false and 
fraudulent. In a press release issued 
earlier this year the administration 
said : 

B^orts on some 800 preparations sold as 
cures or preventatives of influenza, grippe, or 
pneumonia have been sent in to the Food, 
Drug, and Insecticide Administration from the 
fleld since the first of the year, when an inten- 
sive campaign against falsely labeled products 
of this type was launched. Those reports, giv- 
ing the results of factory inspections and 
examinations made by the field stations, in 
conjunction with the labeling accompanying 
the packages in interstate commerce, have 
served as the basis for the procedure adopted 
by the administration for driving from the 
channels of trade so-called remedies for which 
promises that can not be fulfilled are made. 

The consensus of present-day reliable medi- 
cal opinion is that no competent drug treat- 
ment exists for influenza, grippe, or pneumo- 
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nia. Neyertheless^ as shown bj this campaign, 
man^ makers of proprietary remedies came 
forward during the recent “ flu * ’ epidemic with 
products represented as certain cures, but 
which were totally unreliable, thus hoodwink- 
ing the public, a largo fraction of which is 
gullible when its health is concerned, into a 
false feeling of security and forcing unfair 
competition upon vendors of truthfully labeled 
articles. . . . 

The labels of many preparations are in per- 
fect compliance with the law, making no thera- 
peutic claim that might not reasonably be 
expected to be met by a combination of the 
ingredients used, but the advertisements for 
these same preparations spread flamboyantly 
over whole pages of magazines, trade journals, 
and newspapers, and broadcast by radio, show 
much less restraint. Many of these advertise- 
ments do not hesitate to state unqualifiedly 
that the products in question can prevent or 
cure influenza, grippe, pneumonia and certain 
other diseases. This kind of misrepresentation 
can not be reached under the Federal food and 
drugs act as it now stands. 

The administration has also taken 
action against numerous antiseptics re- 
cently. It is a curious fact that many 
manufacturers had never had their 
products tested in order to see whether 
they actually were capable of destroy- 
ing bacteria; many of them believed 
that a substance, like carbolic acid, 
would be antiseptic in no matter what 
dilution it was used. In many other 
cases it was a question of time of con- 
tact: if the reputed antiseptic could be 
permitted to remain in contact with the 
infected surface sufficiently long anti- 
septic action might take place. But the 
time required for some mouth washes, 
for instance, would be fifteen minutes, 
whereas such preparations are usually 
rinsed about in the mouth and almost 
immediately expectorated. On the 
other hand, if a product were made 
sufficiently powerful in its antiseptic 
agent to act antiseptically in the time 
claimed it would be exceedingly likely 
to take the tissues of the mouth along 
with it when expelled. A general 
cleanup of the antiseptics followed and 
their labels were rendered truthful. 


One widely advertised preparation 
might be mentioned which advertised in 
the press that there were 80 square 
inches of tissue in the mouth where the 
germs causing 30 diseases originate. 
Bacterial decay was said to start here in 
a food film which existed throughout 
and most other antiseptics would merely 
mask the odors accompanying this proc- 
ess. But this new antiseptic cleaned the 
mouth, killed the bacteria, and removed 
all decay and all odor thereof. What 
were the facts? Of the 30 diseases listed 
— and bronchitis, croup, diphtheria, 
leprosy, typhoid fever, parotitis, in- 
fluenza and scarlet fever were among 
them — only one can be traced to the 
mouth area which contains more nearly 
50 than 80 square inches. The mouth 
parts do not extend from the lips to the 
first rib as pictured in the advertising. 
There is no wide-spread food film 
therein at any time to decay at 90® P. 
The alkaline saliva counteracts the poi- 
sonous quality of the small amounts of 
decaying food which can collect, and, 
kept in the mouth the brief period rec- 
ommended, the antiseptic would do little 
or nothing. In short the product was 
just another mouth wash of pleasing 
taste and of little or no therapeutic or 
germ-destroying value. 

A final word might well be said about 
antifat ‘‘cures.'' In proceeding against 
these the Pood and Drug Administra- 
tion labors under the slight limitation 
that obesity can not clearly be shown to 
be a disease. Unless a drug product 
makes false claims to remedy disease it 
is a little hard to proceed against it and 
antifat remedies, like superfluous hair 
removers, tend to stand with cosmetics 
rather than drugs. The superstition is 
old that soap and water are bad for the 
face; it arose when soaps really con- 
tained considerable free alkali and often 
did injure many delicate faces. To-day 
it stands cosmetic manufacturers in 
good stead and they continually add to 
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their lines all sorts of auxiliary prepara- 
tions, including antifat remedies. 

For this reason the following words 
by Dr, P. P. Cullen, of the Pood and 
Drug Administration, are not without 
interest : 

Proxnoterg of so-called obesity remedies and 
fat reducing cures are attempting to influence 
fat people to spend money for worthless or 
dangerous preparations. The advertisements 
appeal to the vanity of persons who wish to 
regain slim, graceful figures and also to the 
business necessities of those who become so fat 
that they can no longer do their work effi- 
ciently. The principal appeal of most of the 
promotion claims is that no dieting is neces- 
sary; the medicine is to do it all and the ad- 
vertiser says the patient can eat all he wants 
and as often as he wishes, which is a strong 
inducement to most stout people. 

These preparations frequently contain thy- 
roid and laxatives. The promiscuous use of 
thyroid may prove very harmful unless given 
under the advice of a physician personally 
familiar with the subject's physical condition. 
The department has on record an instance 
where death has followed an overdose of a 
preparation containing thyroid. Some prep- 
arations contain jmke root (phytolocca), a 
poisonous drug, and others, analysis shows, 
contain nothing that could possibly have the 
sMghtest effect in reducing flesh. 

The promoters of one preparation assert 
that it secures most marvelous results by a 
process of elimination of foods without diges- 
tion. These people guarantee the reduction of 
a pound a day. A preparation of this charac- 
ter, if it did what its makers claim for it, 
would probably eliminate any need of diges- 
tion in the future. Another product, examina- 
tion shows, consists principally of ordinary 
soap. The idea is to apply this locally with 
friction and thus remove the fat wherever it 
may be in excess. A still more clever scheme 
provides chemicals to be added to the water in 
which the patient is to bathe. These chemicals 
are of such a nature that they form a sort of 
curd in the water after the patient has bathed. 
This curd, the advertisement states, is fat and 
surplus tissue removed from the body. Other 
schemes offer tablets at 75 cents a dozen which 
are claimed to reduce fat at the rate of a 
pound a day. 

No other class of preparation exploited to 
humbug the people has a wider sale than these 


so-called fat reducers, and nearly all the prep- 
arations are absolutely worthless. Often 
patients seem to lose weight, but this is to be 
attributed to the hot baths and the diet and 
exercises recommended to accompany the 
medication. 

The latest work published tends to 
show that the metabolism of fat people 
is the same as that of the lean; they use 
their food chemically in the same man- 
ner. Careful dieting and proper exer- 
cise are the only safe methods of weight 
reduction, and these must be used with 
extreme care especially by persons who 
have long carried about excess flesh. In 
many cases ancillary physical conditions 
make it unwise for fat people to try to 
reduce weight rapidly and as a general 
rule their reduction in weight should be 
carried out under the supervision of a 
competent physician who has made a 
special study of obesity. 

By exercise of its powers over inter- 
state and import eommerce the Pood 
and Drug Administration has removed 
from the market many preparations 
falsely labeled for cure of disease and 
reduction of fat. Seizures and court 
actions have resulted in destruction of 
the goods and, in some cases, fines for 
the manufacturers. Most manufac- 
turers have now revised their labels to 
comply with the food and drug act. 
Some of the less scrupulous manu- 
facturers continue to make false claims 
in advertisements, circular letters, pam- 
phlets and the like, not accompanjring 
the package, over which the administra- 
tion has no legal control. For their pro- 
tection the Food and Drug Administra- 
tion advises purchasers to compare the 
printed claims on the labels of such 
medicines with other claims made by the 
manufacturers. If there is a discrep- 
ancy it is wise to depend on the label 
rather than on printed matter that does 
not accompany the package. 
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Entomology is not usually regarded 
in the light of a commodity subject to 
sale and purchase. Tet entomologists 
consider that their calling is of value as 
well as of personal interest to them, and 
some one else must consider it of value 
or they would not be able to continue 
their careers as entomologists. 

It is my present purpose to explain 
just how entomology happens to be a 
commodity, to emphasize the necessity 
for securing an increased sales value, 
and to indicate how this desirable end 
may be accomplished. 

Just as we can not understand the 
broader relationships of a tree by con- 
templating only its outer twigs and 
flowers, so also we can not understand 
the true position of entomology in our 
social scheme until we know how the 
seed was sown, how the little plant be- 
eame rooted in our social fabric and 
what made it grow. 

I have spoken of entomology as a tree, 
but it is really one of the branches of an 
enormous tree — the tree of science. 
Many times in the course of human his- 
tory this tree has attained a consider- 
able growth, has died back, then grown 
out again in a different direction, and 
again died back. It is now flourishing 
as never before; all its branches arc 
healthy and luxuriant, and are con- 
stantly giving off new twigs and 
branches. 

If the tree of science is to maintain 
a healthy growth its roots must reach far 
down into the fundamentals of human 
society, far enough down to receive a 
constant supply of nourishment from 
the basic sources of power in that so- 
ciety. So before we study the tree itself 
we must flrst examine the soil and the 
nutritive material afforded by it. 


The fundamentals of human society 
are very simple. They consist of the 
production of foods and their distribu- 
tion, coupled with the necessary defense 
of the individuals and social units en- 
gaged in this production and distribu- 
tion. No matter how complicated a 
human social system may become, all 
lines of activity may be interpreted as 
functions of one or the other of these 
two fundamentals. 

Power in any human society is ulti- 
mately based upon the ability to control, 
in one way or another, the production 
or distribution, or both, of food. Power 
is therefore chiefly centered in two 
classes in the population. The first 
class includes those who through the pos- 
session of wealth in one form or another 
are able to control far more food than 
they require for their own use. The 
second class includes those who are able 
to influence others in such a way as to 
exert a corresponding control. In any 
community, therefore, the real power is 
vested in the wealthy classes and in the 
politicians. 

From this it naturally follows that 
science, as well as every other line of 
human activity which is not of obvious 
immediate concern in the raising of 
food, must, in order to prosper, secure 
the patronage of one or both these 
classes. 

Bearing these facts in mind, let us 
briefly trace the history of entomology 
in this country. It was about the time 
of the Revolutionary War that insects, 
along with other forms of animal life, 
first began to attract the attention of 
native observers and naturalists. After 
the Revolution, with the progressive 
westward expansion of agriculture on 
an increasingly large scale, with the in- 
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tensification of agricultural operations 
in the Eastern states, with the cultiva- 
tion of new crops, and with the appear- 
ance of new pests, native and intro- 
duced, insect depredations gradually 
attracted more and more attention. 

As the area under cultivation became 
larger many agricultural journals ap- 
peared, while many journals, magazines 
and daily papers not primarily agricul- 
tural devoted a considerable amount of 
space to agriculture. 

Up to the time of the Civil War by 
far the largest part of the published in- 
formation concerning insects, especially 
injurious insects, was to be found in the 
daily, weekly and monthly papers and 
periodicals, especially those of the South 
and Middle West. As samples of jour- 
nals which more or less frequently 
printed articles dealing with entomology 
I may mention the Prairie Farmer, 
American Farmer, Maine Farmer, New 
England Farmer^ Illinois Farmer, 
Oenesee Farmer, Lancaster Farmer, 
Farmers* Cabinet, Southern Planter, 
Western Rural, Rural New Yorker, Cul- 
tivator and Coventry Gentleman, Ameri- 
can Gardening, Gardeners* Monthly, 
Massachusetts Magazine, Iowa Home- 
stead, De Bow* 8 Industrial Resources, 
and Harper* $ Magazine, But besides 
these there were many others. 

Although a few were very good, 
most of the articles appearing in these 
journals were not very serious contribu- 
tions to entomological literature. They 
were written by all sorts of people in 
many different walks of life; but there 
were at that time none who could 
properly be called professional entomol- 
ogists. 

Of the two dozen authors who up to 
the time of the Civil War made contri- 
butions of real worth in the field of 
entomology in the United States the 
most outstanding and conspicuous was 
Thaddeus William Harris, the librarian 
of Harvard College. Under appoint- 
ment as commissioner of the state of 


Massachusetts he published in 1841 a 
treatise entitled ‘‘A Report on the In- 
sects of Massachusetts which are Injur- 
ious to Vegetation.’’ Subsequent edi- 
tions of this report appeared in 1842, 
1852 and 1862. For the preparation of 
this work Mr. Harris received the sum 
of $175, which was the first money ever 
paid in this country for work in ento- 
mology. 

A dozen years after the publication 
of Mr. Harris’ report — that is, in 1853 — 
Dr. Asa Pitch was appointed oflScial en- 
tomologist by the state of New York, the 
first state entomologist to be appointed, 
and in the same year Townend Glover, 
an Englishman born in Rio de Janeiro, 
was appointed as an ‘‘expert for collect- 
ing statistics and other information on 
seeds, fruits and insects” under the 
Bureau of Agriculture in the United 
States Patent Office in Washington. 

Now let us look into the status of en- 
tomology as a serious study and occupa- 
tion in this country in the days before 
the Civil War. In the time of Thaddeus 
William Harris — and indeed quite up to 
the outbreak of the war — science in gen- 
eral and entomology in particular was 
regarded as wholly unworthy of the at- 
tention of any mature person. Any one 
devoting his attention to science was 
more or less shunned; he was regarded 
as only one degree removed from the vil- 
lage imbecile — a pathetic case of arrested 
mental development. 

Mr. Harris once wrote to his friend, 
Mr. Doubleday, in England congratu- 
lating him upon the fact that he was not 
‘‘compelled to pursue science as it were 
by stealth, and to feel all the time, while 
so employed, that you are exposing your- 
self, if discovered, to the ridicule, per- 
haps, at least to the contempt, of those 
who cannot perceive in such pursuits 
any practical and useful results.” 

In England at that time science was 
much more highly regarded than it was 
in this country. Immediate practical 
results were not demanded there. It is 
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easy to say that the reason was because 
in England science had a social prestige 
which was lacking here. If the Bari of 
Seaforth chose to collect butterflies, or 
Lord Valencia saw fit to send home from 
distant countries pickled starfishes, 
humbler folk who occupied themselves 
more or less in the same way could not 
be ridiculed without showing a certain 
amount of disrespect for these noble 
lords. And in those days the lords were 
far too powerful to be treated with dis- 
respect by any one but other lords. 

So far as it goes this explanation is 
correct, but it does not go far enough. 
The difference in the status of science 
in this country and in the England of 
that time was simply a reflection of the 
difference in the allocation of power. 

In England, if any one succeeded in 
gaining control over a very large 
amount of food production or distribu- 
tion through the acquisition of land or 
any other form of wealth, he was cre- 
ated a peer of suitable rank, or a baro- 
net, and according to the English sys- 
tem his wealth — that is his power — was 
passed down through succeeding gen- 
erations. In the same way the success- 
ful politician who gained control over 
a large number of people engaged in the 
production or distribution of food, or 
the successful general who defended the 
food sources and markets of England 
against aggressive and destructive com- 
petition or who enlarged or extended 
them was created a peer, and if he was 
poor means were found of giving him 
wealth so that his power should be per- 
petuated in his family. 

Thus the English system was based 
upon the conservation and concentration 
of power. Once power was accumu- 
lated it theoretically passed on unim- 
paired from generation to generation. 
Those who inherited the power were re- 
lieved of the necessity for creating power 
on their own account. They could, if 
they wished, occupy themselves wholly 
with unpractical affair's. This many of 


them naturally did, some taking up 
various lines of science and many others 
supporting science with their surplus 
means. 

Our system was very different, espec- 
ially after the Revolutionary War. Our 
inheritance laws were such that it was 
impossible to perpetuate power in suc- 
cessive generations indefinitely, and 
public sentiment was strongly opposed 
to all efforts toward that end. 

The natural result of this was to ex- 
aggerate the importance of the personal 
accumulation of wealth, and hence to re- 
gard all forms of human activity in the 
light of their bearing on the accumula- 
tion or the display of wealth. 

In both England and this country 
wealth and power wore synonymous, as 
they always are everjrwhere. The dif- 
ference between England and this coun- 
try was that in England many individ- 
uals were in a position in which they 
were relieved of the necessity of con- 
stantly striving for power; with their 
inherited power, often advertised and 
augmented by the possession of a title 
which went with it, they were so secure 
in their position in the social system 
under which they lived that almost any- 
thing they might do would be considered 
praiseworthy. In this country, on the 
other hand, almost every one endowed 
with energy and ambition was obsessed 
with the desire for increasing to the 
maximum his personal power and pres- 
tige, and the intensity of the struggle on 
the pari of each individual was greatly 
increased by the uncertainty regarding 
the fate of his wealth after his demise. 

The natural result of the difference 
in the social attitude toward wealth and 
power in England and in this country 
was a corresponding difference in the 
type of science which found the greatest 
popular favor in the two countries. 

English science maintained an aristo- 
cratic aloofness from the common run 
of human activities corresponding to the 
detached social status of its patrons. 
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The only accepted science in England 
was pure science, uncontaminated by 
any suggestion of evident economic ap- 
plication. To the average English 
scientific man the idea that his work 
might be of economic significance was as 
unwelcome as the suggestion that a lord 
might turn shopkeeper. The results of 
English research were embalmed in 
scholarly treatises printed in most digni- 
fied scientific journals, or in books of 
unassailable respectability. Naturally 
we had brought with us from England 
the same tradition, and we had already 
established a few excellent scientific 
journals, but these were all confined to 
the northeastern section of the country 
and were scarcely a factor in the growth 
of entomology. 

Our work in entomology, largely very 
crude, was mainly to be found described 
in the pages of weekly or monthly maga- 
zines and in the daily papers, and by 
far the greater part of it had a direct 
bearing on the economic aspect. It was 
of no interest to any one not directly 
concerned with crops, and as its value in 
terms of dollars was not at the time evi- 
dent it made no particular appeal to 
anybody. 

While quite naturally all our scienti- 
fic men of Mr. Harris’ time who had 
been brought up more or less according 
to the English tradition deplored the 
attitude toward science in this country 
and envied their English colleagues, I 
believe it was a good thing. It put 
science on its mettle. Entomology es- 
pecially had to fight for recognition. 
Recognition won by an uphill fight is al- 
ways on a solid basis. And to maintain 
their position among recognized, ac- 
cepted and respected social activities all 
branches of science must rest on a firm 
and solid basis. If science relies entirely 
or chiefly on the social prestige of a 
limited group of aristocrats it will rise 
or fall with those aristocrats. 

In brief, up to the time of the Civil 
War scientific work in this country was 


rather sharply divided into two lines 
which had little in common. One line was 
carried on in the cloistered atmosphere 
and under the protection of colleges 
and academies where so far as possible 
the transplanted aristocratic English 
tradition was followed. The other line 
was a new and independent growth 
springing directly from the more intel- 
ligent elements in the general mass of 
the population. Entomology with us 
was chiefly of the latter type, the more 
philosophical phases of the study of 
American insects, and those aspects 
which required extensive reference col- 
lections and libraries being carried on 
almost entirely in Europe. 

During the Civil War the withdrawal 
of the young men from civil life neces- 
sitated by the formation of armies 
brought about a great scarcity of labor. 
This had an immediate effect. Industry 
was hampered in all directions, which led 
to the rapid development of all sorts of 
mechanical contrivances, and the im- 
provement of others, to enable one man 
to do the work of several. 

In that period also the problem of food 
for the civil population as well as for 
the armies became more or less acute. 
This had the effect of drawing general 
attention to the enemies of food plants, 
particularly insects. 

Furthermore, the social emotions re- 
sulting from the excitement of the times 
had the effect of breaking down to a 
large extent the barriers between the 
social classes. 

So at the time of the Civil War in- 
dustry combined with physios to increase 
its power — or rather the slowly growing 
rapprochement between industry and 
physics received an enormous impetus. 
The insect problem had no appeal for 
the industrialists, but it had an im- 
mediate appeal for another group wield- 
ing great power — ^the politicians in the 
rural districts and in the farming states. 

The application of science to indus- 
try, and especially the development of 
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economic entomology, was very greatly 
aided by the social conditions of the 
time which tended to break down the 
barriers between the cloistered academic 
workers and the isolated and more or 
less untrained, though often capable 
and brilliant, ‘‘amateurs.*’ 

The period following the Civil War 
has been called a period of great intel- 
lectual awakening in this country. But 
people do not awaken intellectually. 
Through visions of financial gain or 
hopes of enhanced personal prestige 
they get their eyes opened to the ad- 
vantages of adopting for practical rea- 
sons something which, in the absence 
of any true understanding, they had 
previously been apologetically calling 
intellectual. Reduced to its lowest 
terms, this simply means that knowl- 
edge which up to this time had been the 
exclusive intellectual property of a 
single class, or of a few classes, after 
the Civil War became of interest to, and 
the common property of, all classes 
capable of appreciating and of using it. 

So what really happened after the 
Civil War was that industry discovered 
something of value in the physical 
sciences, while the leaders among the 
farmers began to find that there was 
something to be gained for them from 
an appreciative cultivation of the na- 
tural sciences. The vision of dollars 
looming ever more clearly in the back- 
ground placed all branches of science in 
this country on an increasingly firm 
basis of social respectability. 

The industries and the physical 
sciences are now so closely bound 
together that the physical, engineering 
and chemical departments of our uni- 
versities are mainly trade schools pre- 
paring men to take their place in in- 
dustrial life. By far the largest part 
of the research work done in physics 
and in chemistry to-day is carried on 
in the laboratories of industrial cor- 
porations or at least in close association 
with them. 


The attainment of social respecta- 
bility by science as a whole reached its 
culmination in the establishment by Mr. 
Andrew Carnegie and by Mr. John D. 
Rockefeller of great organizations de- 
voted to pure science. Enormous as has 
been the scientific advance which has 
resulted from the public-spirited gen- 
erosity of these gentlemen, their real 
contribution was that they permitted 
their names to be linked with pure 
science. In the minds of the common 
people, thinking in terms of purely 
American standards, they put the stamp 
of their approval, and therefore the seal 
of respectability, on pure science. They 
did just what Lord Seaforth, as viewed 
by English standards, had done for 
entomology one hundred years before. 

That science is now firmly established 
in the appreciation of the American 
public was graphically illustrated by an 
important event that took place only a 
few weeks ago. At the first showing of 
his new picture Mr. Charles Chaplin 
had with him as his guests of honor 
Professor Albert Einstein and Profes- 
sor Robert A. Millikan. What does this 
mean ? Fundamentally, of course, it 
means that Mr. Chaplin saw in Profes- 
sors Einstein and Millikan possibilities 
for more free newspaper space devoted 
to his new picture than could be secured 
by the presence of any other guests. 
Conversely, it means that science, as 
represented by relativity and cosmic 
rays, holds the public interest at least 
to the same extent as a new picture by 
Charles Chaplin. In the light of the 
diflPerences between our social system 
and that of England this event was, so 
far as the recognition of science is con- 
cerned, quite the equivalent of the be- 
stowal of a peerage on Sir William 
Thomson (Lord Kelvin) in 1892 and on 
Sir John Lubbock (Lord Avebury) in 
1900 by Queen Victoria. 

Now let us return to entomology. 
During the Civil War C. V. Ril^y, a 
young Englishman, published some 
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articles on economic entomology in the 
Prairie Farmer, with which he later be- 
came connected as reporter, artist and 
editor of the entomological department, 
this work being interrupted by a short 
period of service in the 134th Illinois 
Volunteer Regiment. In 1868 he was 
appointed state entomologist of Mis- 
souri, and while in this position pub- 
lished a series of nine annual reports 
which may justly be called the Ameri- 
can classics in economic entomology. 

At the close of the Civil War flights 
of that destructive grasshopper known 
as the Rocky Mountain locust had 
caused considerable damage, and in 
1874-76 this insect became a really seri- 
ous menace to agriculture in the regions 
west of the Mississippi. The very ex- 
tensive depredations of the locusts re- 
ceived more or less notice in all the 
papers in the country. 

As a result of Mr. Riley’s efforts. 
Congress on March 3, 1876, established 
a commission, under the direction of the 
United States Geological Survey, to in- 
vestigate the Rocky Mountain locust. 
The commission was composed of Mr. 
Riley as chairman, Dr. A. S. Packard, 
Jr., secretary, and Dr. Cyrus Thomas, 
treasurer. The establishment of this 
commission was an important event in 
being the first real recognition of the 
desirability of supporting organized 
scientific work in economic entomology 
under Federal auspices. 

Having now become a well-known na- 
tional figure, Mr. Riley was appointed 
entomologist in the Department of Agri- 
culture in June, 1878. In this position 
he served continuously until June, 1894, 
except for a period of two years when 
he was replaced by Professor John H. 
Comstock. 

Prom the time of the Civil War the 
study of entomology has rapidly ad- 
vanced. The number of entomological 
organizations and of entomologists has 
steadily increased, and various ento- 
mological journals have been founded. 


It is not too much to say that this ad- 
vance in entomology has been mainly 
the result of Mr. Riley’s work. 

I have traced Mr. Riley’s career at 
some length in order to emphasize the 
very important fact that his success 
rested on the appreciative regard for 
him on the part of the plain people. 
Through the popular contacts made 
while he was on the staff of the Prairie 
Farmer and his understanding of the 
average man, he was able to develop to 
the maximum the position of state ento- 
mologist of Missouri. With the devel- 
opment of numerous additional contacts 
made while holding this position he was 
able to bring about the establishment of 
the Rocky Mountain locust commission, 
and his work as chairman of that com- 
mission made him the logical choice for 
entomologist in the Federal service at 
Washington. Of course, had it not been 
for his extraordinary natural ability he 
could not have succeeded as he did. At 
the same time had he not had the op- 
portunity for making broad popular 
contacts, and the capacity for develop- 
ing those contacts, his natural ability 
would have availed him little. 

At the present time entomology is in 
danger of losing those intimate popular 
contacts which were so firmly estab- 
lished by Mr. Riley and greatly broad- 
ened and extended by his successor. Dr. 
L. 0. Howard. Entomological, like 
academic, salaries are largely fixed, con- 
tinuing unchanged, or at least undi- 
minished, from year to year. This in 
itself gives rise to a feeling of security 
and a sense of detachment from the 
world at large which tends to obscure 
a true appreciation of social responsi- 
bility. 

But we must always remember that 
in entomology, especially in economic 
entomology, the power which serves to 
support and to further research work 
is lodged in the hands of the representa- 
tives of the people. For insects are 
more of a menace to those directly con- 
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cerned with the growing of farm prod- 
ucts than they are to any one else. So 
we find that by far the greater part of 
entomological work to-day is being car- 
ried on by means of money raised by 
general taxation, federal or state, and 
is more or less immediately under the 
control of politicians who derive their 
support more or less directly from the 
population of farming areas. 

Now politics is the science of the pos- 
sible as applied to human affairs. The 
average politician must act strictly in 
terms of the wishes of his constituents. 
If you wish to do business with him you 
must talk the language of his constitu- 
ents, for that is the only language he 
understands. You must always remem- 
ber that he will pay more attention to 
a laborer in his district than he will to 
you, because that laborer with his vote 
may affect his future career. Naturally 
it wounds our pride to have this 
brought home to us, yet no politician 
would be worthy of the trust imposed 
in him if he did not think more of his 
constituents than he does of us. 

As a professor of the great science of 
the possible the average politician can 
only afford to see what is more or less 
clearly visible to his constituents. 
Therefore the more enlightened his con- 
stituents are on any subject, entomology 
included, the more enlightened he will 
be. 

Most people depend for their knowl- 
edge of things in general, and of what 
is going on in the world about them, on 
the daily press. This may be supple- 
mented by various magazines and books, 
but broadly speaking the daily press is 
by far the most potent factor in gen- 
eral education. Some newspaper or 
other is read by, or to, every constitu- 
ent of every politician. You will find 
that for the most part the average 
man’s idea of entomology is a composite 
of the ideas conveyed to him through 
his favorite newspapers and magazines. 

Since the support of entomology in 


this country is vested chiefly in the 
hands of politicians, big and little ; 
since in the nature of things politicians 
are primarily spokesmen for their con- 
stituents; and since these constituents 
are educated entomologically, as in 
other ways, chiefly by the daily press, 
it naturally follows that the status of 
entomology as a science with us will be 
dependent upon its exposition and in- 
terpretation in the daily press. 

From what has been said it is evident 
that the study of entomology first began 
to attract the serious attention and sup- 
port of the American people when it 
was presented to them by Mr. Riley and 
others in the light of something of real 
and tangible value — that is, in the light 
of a commodity worth buying. It is 
further obvious that further expansion 
of entomological work is dependent 
upon the hope and expectation of in- 
creased benefits to be gained — that is, 
upon an increased sales value. 

It remains to be shown how the public 
appreciation of the facts of entomology, 
and of the benefits resulting from the 
study of insects, may be increased. 

The responsibility for this rests di- 
rectly upon the shoulders of the ento- 
mologists themselves. It is their duty 
to see that the readers of the public 
press, who provide the support for the 
greater part of the work now being 
carried on in entomology, are them- 
selves provided with abundant and 
accurate information on the subject. 

Entomology has now become so very 
technical, and entomological work is so 
time-consuming and exacting, that it is 
no longer possible for working ento- 
mologists to supply the press directly 
with the required information. Yet at 
the present time the press desires and 
can use far more information than can 
be supplied. Perhaps the greatest 
stumbling block in the way of supply- 
ing the press with the desired material 
is that the language of the press and 
the language of entomology are very 
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widely different. Yet it is the plain 
language of the press that must be used 
in reaching ordinary people. To the 
average reader larva means molten rock, 
nymph means a kind of outdoor chorus 
girl, and pupa means nothing. Can we 
overcome this difiBcultyf 

This difficulty was foreseen and has 
been overcome by the press itself, on its 
own initiative. Entomologists have at 
their service a corps of able interpreters 
writing the language of the press but 
with a thorough appreciation of, and 
respect for, science. 

In 1921 Mr. E. W, Scripps estab- 
lished an organization known as Science 
Service, the function of which is to 
provide the press with news or informa- 
tion on scientific subjects accurately 
written in popular language. Science 
Service is at present under the direction 
of Dr. Vernon Kellogg, well known as 
one of our most eminent entomologists. 

Since that time science has rapidly 
gained in popular favor, and one by 
one the great press services, groups of 
papers and large independent dailies 
have designated special men of proved 
ability as “science editors,” whose busi- 
ness it is to see that scientific news and 
information is properly presented in the 
papers under their control. 

There are now about fifteen of these 
science editors, all but two of whom are 
college men. They come from Harvard, 
Amherst, Cambridge (England), West- 
ern Reserve, Columbia, Cornell, George 
Washington, New York University, the 
University of Illinois, the University of 
Michigan, the University of Chicago, 
the University of London, and some 
other universities. Two at least are 
doctors of philosophy, and two them- 
selves give courses in universities. Of 
the two who are not college men, one 
received the Pulitzer prize for his ac- 
curate and brilliant work in reporting 
the Boston meeting of the American As- 
sociation for the Advancement of 
Science in 1922. 


These men are among the outstanding 
writers of the country. They write in 
the language of the press, yet at the 
same time appreciate and are able to 
understand the language of science. 
They are the interpreters of science, 
and at the same time its salesmen. Be- 
tween them they provide most of the 
scientific items that appear in more 
than three thousand papers. The out- 
put of one of them alone goes to nearly 
thirteen hundred papers. The press is 
doing everything it can to present 
science to the people in the proper 
light. 

There is another difficulty. What 
sort of science do the people wantt As 
I said before, ours is a business country. 
We take the business attitude toward 
everything. With us science is a busi- 
ness, or perhaps more truly a depart- 
ment of a larger business. In order to 
prosper it must be advertised and sold, 
just like any other business, and in 
much the same way as any other busi- 
ness. 

Each country has its own peculiar 
attitude toward science. I may illus- 
trate this by a little story. One evening 
a number of friends were gathered to- 
gether — ^an Englishman, a Frenchman, 
a German, a Pole, a Russian and an 
American. After a long and perhaps 
too convivial discussion they agreed 
that each should prepare a treatise on 
the elephant. The Englishman spent 
a year in Africa and after his return 
produced an entertaining little volume 
entitled “Elephant Hunting in East 
Africa.” The Frenchman spent six 
months in Africa and six months in 
India and published a little book called 
“The Elephant and his Love Affairs.” 
The German spent five years in the 
field, visiting all the regions wherein 
elephants are to be found, and then five 
years working in the libraries of Berlin, 
after which he produced a huge two- 
volume quarto entitled "An Introduc- 
tion to the Definition of an Elephant.” 
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The Pole thought it unnecessary to 
leave Warsaw. After a year or so he 
produced his book, which was called 
^‘The Elephant and Its Bearing on the 
Polish Question.’’ The Russian also 
found it unnecessary to leave home. 
After due deliberation he produced a 
delightful iconoclastic book entitled 
“The Elephant — does it Exist?” The 
American joined a Cook’s tour around 
Africa and India and on his return 
wrote an inspired treatise called “Big- 
ger and Better Elephants.” 

Now there is no denying the fact that 
the American people like to read about 
bigger and better science. The calm 
cold expositions of scientific fact one 
reads in the English and in the Ger- 
man press could never be printed here. 
Popular presentation must be to a cer- 
tain extent along bigger and better 
lines. Yet even in this respect a com- 
promise can easily be reached which 
will not be too distasteful to the most 
solemn of scientific men. Some years 
ago physics and chemistry overcame all 
squeamishness in this matter, and 
entomology can do the same. Is calling 
Melanolestes a “kissing-bug” any less 
dignified or detrimental than referring 
to cosmic waves as a “humpty-dumpty 
phenomenon”? 

Any form of human activity is appre- 
ciated in proportion to the amount of 
space devoted to it in the newspapers, 
just as the importance of any firm or 
corporation is judged by the relative 
size of its advertisements. Thus in this 
country murder is regarded as one of 
the most interesting and entertaining of 
human occupations. So for newspaper 
space science must compete with mur- 
ders — ^bigger and better murders. 

You may not realize it, but news- 
papers do not like to put emphasis on 
murders. Even the most sensational 
among them prefer to print other kinds 
of news. But in order to live papers 
must print what the people wish to 
read. In order to replace murders the 


papers must have something to print 
which is equally entertaining, or can be 
made equally entertaining, for the aver- 
age person. As there is a fixed amount 
of space available in a newspaper, any 
increase in the amount of scientific news 
and information published is at the ex- 
pense of other types of more or less 
similar material. The interest of the 
scientific information therefore must be 
equal to that of the material replaced. 

Now writing for popular consump- 
tion is a specialty which has as a pre- 
requisite natural aptitude based on 
exceptional mental equipment This 
natural aptitude must be developed by 
a long process of intensive training 
under conditions involving constant and 
most bitter competition. A successful 
writer is in capacity and in training 
quite the equal of the successful de- 
lineator of the embryology, life history 
or ecology of an insect. While he may 
be stricken completely dumb by the de- 
scription of a new species of chalcid fly, 
he can describe protons, electrons, the 
red shift, etc., in such a way as to 
flatter you into thinking you know 
what he is talking about. And after a 
short interview you will find that he 
can describe a chalcid in such a way as 
to make a physicist believe he under- 
stands the creature, and furthermore 
wish to know more about it. 

It is chiefly because of the extraordi- 
nary ability of these writers on science 
that the relative amount of science 
printed in the papers is rapidly increas- 
ing at the expense of other types of 
material, and correlatively that public 
appreciation of science is rapidly in- 
creasing. 

Now in this increase in the amount of 
science appearing in the public press 
entomology has not participated to any- 
thing like the extent that was to have 
been anticipated in view of the fact that 
of all branches of science in this country 
the study of insects is perhaps most 
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closely dependent on the good-will and 
support of the people; that entomology 
in America may almost be said to have 
arisen from the people, as evidenced by 
the great amount of material which in 
the early days was published in popular 
journals ; and that the greatest figure in 
American entomology laid the founda- 
tion for his work by writing for a popu- 
lar journal. It is high time that ento- 
mologists took steps to correct this 
situation. 

I shall close with a word of warning. 
As things stand at present we are fac- 
ing a distinct and growing menace. \Ye 
are developing a mechanistic and de- 
humanized culture which is rapidly be- 
coming unintelligible and therefore irk- 
some to the great bulk of our population. 
Signs of a reaction are already at hand. 
We are beginning to show symptoms 
of philosophical indigestion. Mecha- 


nization is proceeding faster than the 
development of our ability to incor- 
porate it into our ideas of things as 
they ought to be. Materialistic as we 
are, we are outrunning our philosophy. 
As an illustration, biographies lately 
have become extremely popular. We do 
not care whose biography we read, but 
we like to be taken back to the days in 
which the subject lived. Life as it was 
in those days appeals to us. Con- 
versely, dehumanized dial telephones do 
not, in spite of their superior efficiency. 

The chief requisite of science as it is 
portrayed to-day in the daily press is a 
return to fundamentals — ^more extended 
notices of these lines of science which 
after all come closest to us. We must 
have more information on living things, 
and especially on those living things 
that immediately affect our welfare. 
Chief among these are the insects. 
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There are many evidences that before 
the coming of the white man Indians had 
their villages in what is now the District 
of Columbia. Those Indians S{)oke the 
language of the great Algonquian fam- 
ily which covered the east coast, and for 
this reason the Algonquians were met by 
John Smith at Jamestown and by the 
Pilgrims at Plymouth. Much more is 
known about the Virginia Indians than 
of the northeastern tribes seen by 
Winthrop, because Sir Walter Raleigh 
sent along with John Smith a competent 
artist who drew pictures of the natives, 
their houses, dances, occupations, and of 
animals of the sea and land. Accus- 
tomed as we are to the buckskin of the 
western Indians, we will be surprised 
to know that Powhatan’s braves had 
nary a shirt to their backs, robes taking 
their place. The women wore short 
skirts and the children dispensed with 
clothes. Of course, in the cold months 
of winter the Indians withdrew into 
their houses and enjoyed the stores of 
corn, smoked fish, hickory nuts and such 
things as they had laid up. The houses 
were of bent poles covered with mats 
and were in shape like a hayrick seen on 
farms. 

Such houses were spaced with some 
regularity into villages, surrounded by 
cornfields, and having a dance plaza 
smoothed by the bare feet of the cele- 
brants around the central fire. Secotan 
was a scattered village among the trees, 
while Pomeioc was massed in a circular 
palisade of sharpened stakes. John 
White made pictures of these towns and 
they may be regarded as typical Algon- 
quian architecture and village planning. 
We may thus restore to the mind’s eye 


a great village on the Eastern Branch 
and call it the ancient capital of this 
region. 

It may seem unfortunate that the Dis- 
trict of Columbia Indians left so few 
traces of their life here. Archeologists 
trained to the work are able to see much 
in small things and to tell the story 
without straining the imagination. One 
picks up an arrowhead, say, at Ana- 
costia. It is of a certain stone and 
worked from a boulder most likely at 
the Piney Branch quarry. He knows 
that the arrow was fixed with sinew at 
the end of a wooden shaft, straight and 
smooth, which was notched at the end to 
receive the string ; also that it was 
feathered to guide its flight. 

He knows further that there was a 
bow to project the arrow and that it had 
a sinew or Indian hemp cord. Then it 
is evident that there was a man in charge 
of the bow, arrow, quiver, and so forth. 
The arrowhead was found at Anacostia, 
inhabited by the Nacotehtank Indians, 
and we have got our man, equipped for 
the hunt or battle. The arrowhead was 
found at Anacostia and belonged there 
because it is the right kind of stone. 

Mother variety of stone would indicate 
that it was a point made by the hostile 
Indians living on the Susquehanna or 
where the certain stone was found. Per- 
haps the archeologist picked up a frag- 
ment of pottery and derived a most in- 
teresting story from it. Especially it 
would tell him that the Indians lived in 
a village of houses because fragile pot- 
tery can not stand rough Indian trans- 
portation, and was therefore made on 
the spot from native clay. 

So the story widens with the bits of 
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the old times picked op, everything hav- 
ing an Indian man or woman once liv- 
ing and breathing at the other end. 
The hunt for the Indians is not made 
with a spade and the fingers, but with 
the informed mind. The District of Co- 
lumbia Indians were in the stone age, 
and imperishable stone tools left in the 
soil are silent though eloquent of the old 
times. So many of the implements are 
of a stone called quartzite that archeolo- 
gists earnestly desired to know what was 
the source. Dr. W. H. Holmes and De 
Lancey Qill, archeologically sleuthing 
here and there over the District, found 
quartzite boulder beds in the once beau- 
tiful valley of Piney Branch and saw 
chips and partially worked cobble stones 
lying about. Here, said Dr. Holmes, ap- 
pears to be the quarry. Subsequent 
ditching revealed that here was one of 
the greatest Indian quarries discovered 
in the United States. 

Thousands of tons of chips and other 
quarry refuse lay under the tree-covered 
gentle slopes of Piney. Dr. Holmes’ 
trenches showed that the boulder bed 
had been worked in places to the depth 
of 28 feet. An incredible amount of 
labor had been expended here to fash- 
ion by blows of stone upon stone leaf- 
shaped blades, the blanks from which 
arrowheads and knives were made in 
far-off camps. In the old days of the 
District of Columbia a temporary camp 
of mat houses would be seen on the 
level tract of Blagden’s, above the 
quarry. This village site was discovered 
by the speaker when the war garden 
bared the soil undisturbed by the plow 
for more than a century. 

The river life of the Potomac in 1608 
must have been very interesting. John 
Smith tells of divers savages in canoes, 
well laden with the flesh of bears, deer 
and other beasts. Some of these dug-out 
canoes are in the Potomac mud no doubt 
now. There were many places to paddle 
not open to-day. Boats could move 
about freely where the new government 


buildings are going up, and the Eastern 
Branch was a great river 300 years ago. 
At night, reflected in the undulating 
Potomac, were the lights of the torches 
of fishermen, and over the smouldering 
fires of the primitive gridirons the catch 
was smoked for the winter. Down the 
river and around the coast went canoes 
filled with furs, meat and corn for ab- 
original trade. 

Land trails also centered in the Dis- 
trict, leading to the Susquehanna and 
on to the West. Braddock used an old 
trail to Cumberland worn deeply in old 
times by Indians in moccasins. Bail- 
roads must follow these old trails in an- 
other day, giving little thanks to the 
native road builders. Sometimes among 
the debris of lost villages one comes upon 
a bit of fashioned soapstone, a shard of 
an ancient vessel. Thin, smooth and 
well formed, this bit shows the skill of 
the Indians of the District of Columbia. 
Not satisfied with determining the size 
and shape of a soapstone pot from a 
fragment. Dr. Holmes sought out the 
places where the Indians quarried soap- 
stone, finding several small quarries in 
the District where they had worked. 
The story could not be completed here, 
but in a quarry in the old District to- 
wards Alexandria he found bosses of 
soapstone worked out on the face of a 
deposit. The bosses were the round bot- 
toms of future soapstone pots, the next 
step being to knock these bosses off and 
excavate them with the rude pick chisels 
of stone left about by the workers. Thus 
lightened, the unfinished pots were 
carried to the camps and finished to the 
taste of the cooks who had use for them. 

In its natural conditions or only 
slightly aware of the presence of man, 
the District must have been an ideal 
place for savage life. Every family 
could have a deer a day and not decrease 
the herd; a bear once in a while, wild 
turkey, water birds, fish, roasting ears 
and ripe corn would vary the fare. Not 
too thickly planted by nature for the 
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Indiao, also, but a dare to the early 
American with his steel axe. Its massive 
trees were his harvest. 

The coming of the white man to 
Jamestown in 1607 was a small entering 
wedge into a vast territory, and perhaps 
we would think it of little effect on the 


District. On the contrary, in 75 years 
there was not an Indian left in the val* 
ley of the Potomac, the same story that 
became old as the white man pushed the 
remainders west. The District was set- 
tled by hardy pioneers and a new line 
of history began. 


TELLING THE NATION’S TIME 

By Captain FREDERICK HBLLWEG 

director U. 8. NAVAL OBSEBVATORV 


I WONDER how many of you have ever 
given any thought to the question of 
how the nation’s time is obtained, how 
it is kept, how it is transmitted to the 
millions of people, and how important a 
part accurate time plays in the life of 
every one. 

How many times a day do you sup- 
pose the question is asked by some one: 
‘‘What time is itf” Ask the Western 
Union Telegraph Company why they 
had to stop telling people the time. 
Thousands and thousands of telephone 
calls all over the country were pouring 
in on the telegraph company’s oflSces: 
“Will you please give me the correct 
timef until the interference with their 
business was so serious that they re- 
luctantly had to refuse to answer the 
question. The U. S. Naval Observatory 
had to stop answering the question for 
the same reason. Our telephone lines 
were being choked by requests for time 
so that our legitimate business was in- 
terfered with. I have told you this to 
show you how many times a day some 
one wants to know the time. 

The duty of keeping the nation’s time 
is a very important and a very tech- 
nical one. Every nation in the world 
maintains a costly time service, for you 
know the determination of the time is 
expensive. Instruments for observing 
the stars, chronographs for recording 
the exact instant when the celestial 
bodies cross the tneridian, precision 


clocks for maintaining the time accu- 
rately — all these are very expensive. 
Then add to this the cost of the labor, 
including astronomers who observe 
nightly the stars as they cross the 
meridian of the observatory, the highly 
technical computers who calculate the 
time based on the observations, the elec- 
tricians who handle the many electrical 
details of keeping the time, the radio 
experts who broadcast daily the exact 
time to the hundredth of a second, the 
telegraph personnel who signal the time 
to all parts of the continental limits of 
our country, all these make the sum for 
keeping the nation’s time mount very 
rapidly. And yet, it is well worth it. 
Without accurate time many things 
could not be developed. 

Do you know that mineralogists and 
geologists depend on the Naval Observa- 
tory’s exact time to assist them in hunt- 
ing for the vast oil deposits hidden 
away in the bowels of the earth t Would 
you be surprised if I told you that sci- 
entists depend on the observatory’s time 
signals in their investigations of grav- 
ity? Of course you all know that the 
navigators on ships at sea listen daily 
for our time signals in order to navigate 
their ships safely across the seven seas. 

How many of you know that all the 
important boundary commissions which 
determine the boundary lines between 
nations, between states, and between 
communities are dependent for the es- 
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tablishment of their lines accurately 
upon the time signals broadcast from the 
observatory? To show you how ex- 
tensive is the use of our time signal, in 
1921 the Naval Observatory broadcasted 
a special time signal upon the request of 
the Australian Boundary Commission, 
which was establishing the boundaries 
between the provinces in Australia. 
This last summer we were requested, and 
later thanked, by the director of the 
Canadian Geodetic Survey, for our as- 
sistance in their boundary work between 
the provinces of Ontario and Manitoba, 
and also for our assistance in their 
work in Saskatchewan. Without exact 
time, the wonderful train service that 
spreads throughout our land would be a 
hopeless mess and the loss of life would 
be very great. There is hardly any ac- 
tivity in our entire country that is not 
directly affected by the question of time. 

Before telling you how we keep the 
time, it may be of interest to you to 
know that the initial effort in the United 
States was made by an amateur astrono- 
mer, William Lambert, who presented a 
memorial to Congress in 1809, recom- 
mending the establishment of a first 
meridian in the United States at Wash- 
ington. Lambert had determined the 
longitude of Washington and submitted 
his calculations with his memorial to 
Congress. 

In 1845 observations of the sun, moon, 
planets and brighter stars were inaugu- 
rated at the observatory and have been 
continued ever since. In 1849 the first 
practical chronograph, called a mag- 
netic clock, was built. That was the 
first time that electricity had been em- 
ployed in the recording of observations 
at the observatory. This old clock is 
now in the museum at the Naval Ob- 
servatory. Between 1854 and 1860, 
three minor planets were discovered by 
the Naval Observatory astronomers, but 
it was not until 1873 that the observa- 
tory was equipped with a large refract- 


ing telescope. At that time it was the 
largest one in this country. 

Having given you this brief history 
of the U. S. Naval Observatory, the place 
where the time is kept, and the place 
which tells the time to the nation, I will 
now briefiy describe how we calculate 
the time and broadcast it to the world. 

As the earth rotates, the stars in the 
heavens appear in the east and after 
swinging across the heavens set in the 
west, just as the sun appears to do. The 
only difference between the sun and the 
stars is that the stars appear to make 
the round-trip in almost the true period 
of the earth’s rotation, while in the case 
of the sun a little more than a revolu- 
tion is necessary to bring the sun back 
again to the meridian. I will not ex- 
plain the reasons for this as any one can 
obtain them from any book on astron- 
omy in any of the public libraries. As 
the stars are not within the earth’s orbit 
(in fact they are so far distant that their 
apparent positions are only very slightly 
affected by the earth’s motion), the 
period of the earth’s rotation, measured 
in reference to a point in the sky called 
the vernal equinox, is one sidereal day. 
This period is the most accurate stand- 
ard of time measured. The earth’s rate 
of rotation is constant and the stars 
move very slowly with reference to the 
vernal equinox, so that they are very 
reliable as reference points to measure 
the time of the earth’s rotation. 

Here at the observatory we use small 
telescopes, known as transit instruments, 
for observing the stars. These instru- 
ments, as their name indicates, are used 
to mark the exact instant the star passes 
across the celestial meridian. The celes- 
tial meridian is a line in the heavens 
which passes through the north and the 
south points and also through the zenith 
of the place where you are situated. The 
sidereal time at which each star will 
cross the meridian is calculated. For 
greater accuracy we select the stars 
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which cross the meridian near the zenith 
of Washington, and also the stars whose 
exact positions are most closely known. 

The exact time, according to the clock, 
that the stars cross the meridian is 
very closely determined, and the differ- 
ence between the time that the stars 
should cross the meridian and the times 
they are found to cross the meridian 
according to our clock, is the error of 
the clock. These errors are very accu- 
rately determined. 

Down in a vault, specially made, and 
maintained summer and winter at a uni- 
form temperature and at a constant air 
pressure, are three standard sidereal 
clocks which keep the most accurate star 
time possible. These clocks are never 
reset or interfered with in any way ex- 
cept in the case of necessity for repairs. 
The actual rate of each clock is deter- 
mined by checking with the actual time 
the stars cross the meridian, and then 
by applying these corrections to the face 
time of the sidereal clock, we know the 
exact sidereal time. 

The standard time of the United 
States is called standard mean solar 
time.'^ Owing to the irregularity of the 
earth's motion in its orbit and to the 
inclination of the earth’s axis, apparent 
solar days vary in length during the 
year. For obvious reasons it is neces- 
sary that all days and all hours be of the 
same length, therefore a mean solar time 
has been established and this is some- 
times ahead of and sometimes behind 
the apparent solar time, but on the aver- 
age it is the same. 

In order to reduce confusion, stand- 
ard time zones have been created. All 
the points in each zone use one uniform 
time. These zones are on even hours 
and are measured from Greenwich which 
is considered the zero meridian. For 
instance, in continental United States 
there are four time zones — the Eastern 
standard time is the local time of the 
75th meridian and this is exactly five 
hours behind the Greenwich standard 


time ; Central standard time is the local 
time of the 90th meridian which is six 
hours behind Greenwich time; Moun- 
tain standard time is the local time for 
the 105th meridian which is seven hours 
behind the Greenwich time; and, the 
Pacific standard time is the local time of 
the 120th meridian which is eight hours 
behind the Greenwich time; and the 
servatory is thus able to furnish one time 
signal which will provide time for all 
the zones. Our time signals are sent 
out at noon, at 10 o’clock in the evening 
and at 3 o’clock in the morning. 

The time signals are broadcast auto- 
matically by means of special transmit- 
ting clocks. These clocks contain elec- 
trical mechanism by which they may be 
set within one hundredth of a second. 
They also have an electrical break cir- 
cuit apparatus for emitting the signals. 
Before each signal these transmitting 
clocks are compared with the standard 
sidereal clocks in the vault by means of 
a chronograph, and are then set elec- 
trically within a hundredth of a second 
of the correct mean solar time. From 
2:55 A. M. to 3:00 A. M., from 11:55 
A. M. to noon, and from 9:55 P. M. to 
10:00 P. M., Eastern standard time, 
dashes are broadcast, beginning on each 
second except that there is no dash 
transmitted on the 29th second of each 
minute, nor on the identification seconds 
at the end of the minutes. This is done 
so that any one listening will know that 
if one beat is missed the next beat will 
be the 30th second of a minute. Prom 
the 55th minute up to and including the 
58th minute there are no ticks for the 
56th, 57th, 58th and 59th seconds. This 
lets you know that the next tick, after 
omitting four beats, represents the be- 
ginning of the minute. On the 59th 
minute there are no beats sent from the 
50th second until the 60th second. This 
allows any one who is listening for the 
tick to realize that after the silence of 
nine seconds, when the next tick is 
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sounded it is the zero hour— -either 3:00 
A. M., noon, or 10:00 P. M. The tele- 
graph companies transmit only the noon 
signal, and in transmitting the noon 
signal they only transmit the last three 
minutes. They used to transmit the 
whole five minutes but for economy’s 
sake they shortened the time to three 
minutes. 

Our time signals have been broadcast 
by Arlington on high power since De- 
cember, 1912. Our time service goes 
much farther back than that, as the first 
time signal was broadcast by the Navy 
in the spring of 1904. But it was not 
until 1912 when the big Arlington sta- 
tion was completed that it was possible 
to broadcast our time signals with sufS- 


cient power to reach around the world. 
As you all know, radio signals are much 
better received at night than during the 
daytime. We therefore inaugurated the 
3:00 A. M. time signal for the conve- 
nience of observers away out in the 
Pacific. 

The Naval Observatory is a national 
institution and many visitors to Wash- 
ington avail themselves of the oppor- 
tunity to visit it, and view the many 
very interesting things here. As the 
observatory is our national observatory, 
your observatory and mine, it is believ^ 
that every visitor to Washington should 
make it a point before leaving tovm to 
spend a few hours very profitably going 
through this very wonderful institution. 


HOW UNITED STATES PAPER MONEY IS MADE 

By A W. HALL 

DIBICTOB, BUBEAtT Or XNOBATINa AND PBINTINO 


As your announcer has just stated, I 
am talking to you from a press room in 
the Bureau of Engraving and Printing, 
at Washington, D. C. The humming 
sound you hear in the background is 
that of machinery producing paper 
money. Every five seconds one print- 
ing press turns out twelve notes. There 
are 240 presses in daily operation. 
When these presses are engaged upon 
the printing of one-dollar bills the out- 
put averages $28,000 a day for each 
press, and when printing twenty-dollar 
bills the output averages $560,000 a day 
for each press. 

1 shall attempt to describe, in non- 
technical terms, the various operations 
employed in the production of paper 
money. Before going into details I 
want to give you briefly some general 
information regarding the Bureau of 
Engraving and Printing. It was not 
until July 11, 1862, that the United 
States government undertook to engrave 
and print its own securities. In keep- 


ing step with the ever-increasing de- 
mands made upon it, the bureau has 
gradually grown until to-day it em- 
ploys 4,500 persons to whom $10,000,000 
are paid yearly in salaries and wages. 
The building which the bureau occupies 
is located on the bank of the Potomac 
River about one mile south of the 
White House. The main building, 
which is of Roman Doric architecture 
and of limestone and modem constrac- 
tion, is 555 feet long, 296 feet deep, and 
105 feet high. The main building pro- 
vides ten acres of floor space, while the 
auxiliary buildings provide about four 
acres. In addition to the production of 
paper money, this bureau prints all the 
postage stamps, revenue stamps, bonds, 
certificates of indebtedness, disbursing 
officers’ checks, liquor prescriptions, 
transportation requests, commissions, 
warrants, and numerous other classes of 
engraved and lithograph work for the 
United States government and its in- 
sular possessions. Of the total person- 
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nel, 55 per cent, are women. During 
the last fiscal year the face value of se- 
curities printed and delivered by the 
bureau amounted to fifteen billion dol- 
lars. In addition to this 12,500,000 
sheets of checks, drafts, commissions, 
certificates, etc., were also printed. 

Last week the Honorable Walter 
Ewing Hope, assistant secretary of the 
treasury, described the various kinds of 
paper money in circulation. This after- 
noon I shall endeavor to describe the 
many processes employed in preparing 
these various kinds for circulation. Ex- 
cept for the final operation on national 
bank currency, the processes employed 
in producing paper money are identical 
for all kinds. You will notice that the 
national bank currency bears the name 
of the bank of issue, the charter number 
and the signature of the bank officers, 
which are not required on United States 
and Federal Reserve currency. 

The first step in arranging for the 
production of paper money is that of 
preparing the designs. 'V^en a new 
issue, or a new note, is to be placed into 
circulation this bureau consults with 
the officials of the various offices in- 
volved, and the conclusions reached as 
to the character of the design are em- 
bodied in a model. After this model 
receives the approval of the Secretary 
of the Treasury, the design is repro- 
duced in soft steel by several expert 
engravers, each one engraving his al- 
lotted portion. Since each engraver 
specializes in different lines of engrav- 
ing, such as portrait, vignette, orna- 
mental, lettering, etc., the entire design 
of any one note does not represent the 
work of any one engraver. Sometimes 
as high as six different specialists in 
engraving are employed in the engrav- 
ing of the completed note. 

The work of the various engravers 
who contributed to the design on the 
note is then brought together on one 
piece of soft steel, which, after having 
all imperfections removed, is hardened. 


The hardening of this steel is accom- 
plished by heating it in cyanide of 
potassium and quickly dipping it in 
cold oil or brine. This piece of steel is 
known as the die and it is never used 
for printing, for the reason that the 
large number of impressions required 
to be printed would soon wear it out. 
The hardened die is placed on a trans- 
fer press and a soft steel roll is rolled 
over it under tremendous pressure until 
the soft steel of the roll is forced into 
the lines of the engraving of the die, 
reproducing the design in relief on the 
circumference of the roll. The roll is 
then hardened and rolled over a soft 
steel plate, thereby reproducing an 
intaglio, or cut-in, impression on the 
plate. The engraved plate, when hard- 
ened by the same process as employed in 
hardening the die, which is done to in- 
crease its durability, is cleaned and 
made ready for the printer. By repeat- 
ing these transfer operations an un- 
limited number of steel printing plates 
of perfect duplicate engravings can be 
made from one original engraved die. 

Within recent years a new process of 
plate making was developed in this 
bureau. This new process is accom- 
plished by electro-deposition, and plates 
made by this process are called electro- 
lytic plates. Some idea of the principle 
of the electro-deposition may be gained 
from the nickel-plating equipment of 
your local jeweler. First a steel plate 
is placed in a chemical bath and a layer 
of copper deposited upon it. When the 
copper is separated from the steel plate 
we have what is called an alto plate, 
bearing the design in relief. This alto 
is placed in a bath, upon which are 
built alternate layers of nickel and 
copper, and which when separated from 
the copper plate has the design in 
intaglio or cut-in form. The face of 
this plate is hardened by the applica- 
tion of two ten-thousandths of an inch 
of chromium, a metal next to the dia- 
mond in hardness. Both steel and 
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electrolytic plates are used in this 
bureau for the printing of paper money. 

Only the highest grade paper is used 
for printing paper money. It is manu- 
factured by private contractors under 
government specifications and super- 
vision. Red and blue silk fibers are 
distributed throughout the sheets, so as 
to make this paper distinctive. It is a 
violation of the statutes for any un- 
authorized person to possess any of this 
distinctive paper, except in the form of 
lawfully issued currency or securities. 

All the ink used in printing paper 
money is manufactured by this bureau 
through mixing dry colors, bases, oils, 
etc., in large kneading mixers, which re- 
semble those seen in large bakeries for 
mixing dough. Barytes is the base for 
most plate inks. The dry colors are 
made from coal-tar dyes, ground min- 
erals and chemical precipitations, more 
of the latter two being used on account 
of their resistance to light and atmos- 
pheric influence. 

The blank slieets of distinctive cur- 
rency paper are received in lots of one 
thousand sheets, and every blank sheet 
brought into this bureau is charged 
against the bureau on the books of ac- 
count maintained by another ofiSce of 
the Treasury Department. Each sheet 
passes through a specially designed de- 
vice called a wetting machine. In this 
machine the sheets pass under a spray 
of water which makes them soft and 
pliable and receptive to the ink. Pour 
days after the sheets pass through the 
wetting they are ready for the first 
printing operation. The back of the 
note is printed first. Each printer op- 
erating a press calls for the number of 
sheets he can print in one day. He ob- 
tains this paper from the division in 
which the paper is prepared for print- 
ing. The printer is charged with these 
sheets. The press upon which the print- 
ing is done is called a four-plate power 
press. The printing plates are strapped 
to attachments called planks and the 


four planks each carry a plate which 
travels in circular fashion. At one 
point the entire face of the plate is cov- 
ered with ink, at the next point the sur- 
plusage of ink is wiped off by a me- 
chanical oscillating wiper. Then the 
printer polishes the plate with his bare 
hands, taking care to leave the cut-in 
lines of the plate filled with ink. A 
blank sheet of the moistened paper is 
laid on the plate, and immediately fol- 
lowing this the plate with the paper on 
it passes under a pressure roller. The 
pressure exerted by this roller forces 
the paper into the lines of the plate and 
the paper takes up the ink. The sheet 
is then picked off the plate. The four 
plates continue in this fashion without 
interruption during the time the press 
is in operation. As each impression is 
made a mechanical counting device 
registers it. Every two hundred 
printed sheets are removed from the 
press and hand counted. At the close 
of the day the requisition signed by the 
printer for the number of sheets with- 
drawn for printing is checked against 
the amount reflected on the mechanical 
counting register and the number of 
sheets counted by the representatives 
who remove them from the press. A 
reconciliation of these three amounts 
must be accomplished before the printer 
or his assistants are permitted to leave 
the building. 

All sheets printed during the day are 
sent to a large room, which is heated by 
steam, where they remain overnight. 
During the night the moisture is driven 
out of the sheets and the surface of the 
ink dried sufficiently to permit hand- 
ling. The slip sheets inserted at the 
time the currency was printed are then 
removed and each sheet given a careful 
examination by experts. Sheets bear- 
ing the slightest defect are rejected. 
The perfect sheets are returned to a 
vault where they are permitted to dry 
out for a period of three or four weeks 
before starting through the next print- 
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ing operation. The second printing op- 
eration, or that of printing the faces, is 
likewise preceded by wetting. The 
operation of printing the faces is iden- 
tical with that of printing the backs. 
The perfect sheets continue through 
subsequent operations. The imperfect 
are delivered to another agency of the 
department, which certifies to their de- 
struction, giving this bureau credit on 
the books of account for the amounts so 
destroyed. 

Next the sheets are resized. In this 
process the sheets pass through a solu- 
tion of glue, the thin coating of which 
makes the paper more durable. The 
sheets are then pressed by a process 
known as calendering. In this process 
the sheets of currency are interleaved 
with a heavy cardboard, and packs of 
sheets arranged in this manner are sent 
through a set of large rollers. These 
rollers exert tremendous pressure, 
which irons out all the wrinkles and 
restores the gloss. Next the sheets are 
trimmed to the required size by a ma- 
chine which takes the margin off the 
four sides at one time. The serial 
numbers and United States seal are 
next printed on the face of each note. 
In this operation the sheets are auto- 
matically fed into a very unique ma- 
chine which not only prints the num- 
bers and seals on each note, but simul- 
taneously slits the sheets in half. Each 
half is delivered to another section of 
the machine and drawn through a set 


of slitting knives which reduces each 
half to six separate notes. The notes 
are dropped into a collator, which me- 
chanically gathers them up in numerical 
sequence and delivers them to an ex- 
aminer in packages of one hundred. 
After careful examination the notes are 
banded in lots of one hundred each. 
Forty pf these packages of one hundred 
notes are strapped together by steel 
bands, which are electrically welded. 
An outer covering of brown paper bear- 
ing the label showing the contents com- 
pletes the package for shipment to the 
various issuing agencies. 

The annual output is approximately 
one billion notes, the production of 
which consumes 1,125 tons of paper and 
1,100 tons of ink. In passing through 
the many operations a sheet of currency 
is hand counted fifteen times and me- 
chanically counted three times. 

Within recent years the public has 
become so much interested in the work 
of the bureau that it has been found 
advisable to publish a pamphlet ex- 
plaining the various processes and op- 
erations employed in printing not only 
currency but the many other classes of 
work produced by this bureau. This 
pamphlet is on sale at the office of the 
Superintendent of Public Documents, 
Washington, D. C., at 10c a copy. 
When you visit Washington you should 
make it a point to see the bureau in 
operation. It is open to visitors during 
certain hours of the day. 
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The influence of science upon modern 
life is largely indirect, taking place by 
way of technology. Through the ever- 
multiplying horde of machines profound 
changes are being wrought in the envi- 
ronment of human beings, and men are 
given a greater and greater potential 
control over their own destinies. What 
use will they make of these newly ac- 
quired powers? What revision of 
human ideals and social instrumentali- 
ties is demanded by the new situation? 
These are very pertinent questions which 
form perhaps the most important chal- 
lenge to philosophy at the present time. 

In addition to this indirect influence 
upon philosophy, especially upon the 
theories of human values, science has a 
direct bearing upon the general theory 
of knowledge. After all, any theory of 
knowledge worthy of attention must be 
derived from a study of the procedure 
by which knowledge is actually obtained, 
i.e., from an examination of scientific 
method. It is natural, therefore, that 
the enormous extensions of our knowl- 
edge of the physical world in the last 
generation, which have necessitated the 
first really deep-going revision of the 
fundamental physical concepts and 
axioms since the days of Newton, should 
present important problems and correc- 
tives to epistemology. To point out some 
of these is the purpose of this article. 

Before starting, let us settle a question 
which may have entered the minds of 
some of my readers. With what right 
does a physicist undertake to discuss 
philosophical problems? Ought he not 
to confine himself to physics and leave 
philosophical questions to the philoso- 
phers? Well, that is what physicists 


have generally done. But frankly, I 
consider it well within the right of a 
scientist to discuss any problem which 
has grown out of his science, even if the 
problem is of a very fundamental and 
general nature. And such problems are 
forced upon physicists, for, as Helmholtz 
once said, no matter what physical prob- 
lem one starts with, if one pursues it far 
enough it will become a philosophical 
problem. 

Moreover, in attacking a philosophical 
problem the physicist does not necessa- 
rily step outside the boundaries of his 
science. His problem does not cease to 
be a physical problem when it has be- 
come so general that it is properly 
termed philosophical. There is no sharp 
dividing line between physics and phi- 
losophy. As the Austrian epistemologist 
Schlick says, “Philosophy is not an in- 
dependent science — ^rather is it hidden in 
every science as the true soul of science.'' 
The greatest among scientists have been 
inspired by motives which may rightly 
be called philosophical. As W. P. G. 
Swann writes in a recent issue of Science^ 
in commenting upon Einstein’s pub- 
lications, “It has been our philosophic 
desire rather than the needs of experi- 
ment which has driven us to hope for a 
correlation of gravitation and electro- 
magnetism in one general scheme." The 
work of Bohr on atomic structure has 
been inspired by the dream of being able 
to derive all properties of a chemical 
element from a pure number, the number 
giving the place of the element in the 
periodic system of Mendeleeff. 

Mechanics is the oldest physical 
science. In fact, by the end of the 
eighteenth century it was developed by 
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Newton and his followers to nearly the 
degree of perfection that it possesses 
to-day. In the nineteenth century the 
importance of mechanics was immensely 
enhanced when it was found that many 
phenomena which do not offhand appear 
as belonging to mechanics could never- 
theless be described quite adequately in 
mechanical terms. Thus we got a me- 
chanical theory of heat, and the phe- 
nomena of electricity, magnetism and 
light were explained on the basis of the 
idea of an elastic ether pervading all 
space. 

The phenomena of chemistry were de- 
scribed in terms of Dalton’s theory of 
atoms. The atoms were miniature bil- 
liard balls with inertia as their most 
important attribute. In addition to hav- 
ing mass, they were hard, elastic, im- 
penetrable, indivisible and indestruct- 
ible. They were assumed to attract or 
repel each other with so-called central 
forces. A physical phenomenon was con- 
sidered as completely explained only 
when it was described in terms of atoms 
moving under the influence of central 
forces. 

The great fruitfulness of the mecha- 
nistic tendency in physics naturally led 
to a strong faith in Newton’s laws of 
motion as the ultimate principles govern- 
ing the physical world. The world was 
conceived as a machine, as a clockwork 
ruled by strict causality and therefore 
completely predetermined. This view 
was adopted and elaborated by the phi- 
losophers of the materialistic school, and 
it influenced no less the ideas of philoso- 
phers in other camps. When the old 
conceptual framework began to break 
under the pressure of the development 
known as modem physics, a number of 
philosophers of various complexions 
came to the aid of conservative physicists 
in defense of the Newtonian scheme. 

The growth of physics in the period 
from about 1895 to the present time is 
without counterpart in the history of 


science. The enormous extension of our 
experimental knowledge and at the same 
time the complete reconstruction of the 
conceptual framework from the bottom 
up which have taken place in the last 
three or four decades were possible only 
through the working together of a num- 
ber of factors. Without attempting a 
thorough analysis, I shall mention the 
factors which I believe were of greatest 
importance. First, the progress in the 
design and construction of scientific in- 
struments and in the art of experimen- 
tation ; second, the genius and daring of 
such theoretical physicists as Planck, 
Einstein and Bohr; third, the great de- 
velopment of mathematics in the nine- 
teenth century, and fourth, the increas- 
ing number of scientific workers and the 
growing international cooperation in 
scientific work. 

The subject of modern physics may 
conveniently be discussed, at least in 
regard to its philosophical implications, 
under two heads ; the theory of relativity 
and the quantum theory of atomic and 
molecular structure. The theory of rela- 
tivity, which was devised to circumvent 
certain diflSculties presented by experi- 
ments involving very high velocities, 
applies primarily to large-scale or cos- 
mological problems, though it is also of 
fundamental importance on the atomic 
scale. The quantum theory, which rep- 
resents our knowledge of atomic phe- 
nomena and of radiation, naturally 
reaches into nearly every branch of phys- 
ical science; it has, for instance, fur- 
nished an extremely valuable clue to the 
study of the internal constitution of 
stars. 

Since very much has already been 
written on the theory of relativity and 
its bearing upon philosophy while very 
little has yet been written on the philo- 
sophical implications of the quantum 
theory, I shall divide the limited space 
at my disposal rather unequally between 
the two theories. I shall treat the theory 
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of relativity as briefly as possible in 
order to be able to discuss a little more 
thoroughly the problems presented by 
the quantum theory. 

In the eighties of last century Michel- 
son and Morley had performed an in- 
genious experiment the purpose of which 
was to determine the absolute orbital 
motion of the earth, i.e., its motion rela- 
tive to the ether. The experiment gave 
a negative result: no matter where the 
earth happened to be in its orbit, there 
was no indication of any motion of it 
relative to the ether. This fact, which 
was corroborated by other experiments, 
presented exceedingly great diflScultiea 
to the theoretical physicists. It was to 
eliminate these difficulties that, in 1905, 
Einstein, then only twenty-six years old, 
proposed his special theory of relativity. 
If absolute motion can not be measured, 
Einstein reasoned, then the concept of 
absolute motion has no meaning and 
should be abandoned. And guided by 
the experimental facts, he proceeded to 
revise completely our concepts of space 
and time. The supreme importance of 
the theory which he created lies in the 
fact that space and time are our most 
fundamental physical concepts. 

To understand the change brought 
about by Einstein in the concepts of 
space and time, let us briefly review the 
positions of Newton and Kant in regard 
to these concepts. Though Newton pro- 
fessed that “whatever is not derived 
from phenomena . . . has no place in 
experimental philosophy,” he took over 
more or less uncritically the contem- 
porary notions of space and time: “Ab- 
solute, true and mathematical time flows 
in virtue of its own nature uniformly 
and without reference to any external 
object.” Space and time are, so to 
speak, empty vessels existing indepen- 
dently of their content and of one an- 
other. Though Kant recognized the 
subjective nature of space and time, he 
regarded them as a priori forms of our 


perception, i.e., as conceptions not de- 
rived from experience or subject to 
revision, but given once and for all. The 
fundamental spatial concepts such as 
point, straight line, etc., as well as the 
axioms of Euclidean geometry he also 
considered as given a priori. In this 
way he accounted for the absolute cer- 
tainty which he believed was an attribute 
of geometry and Newtonian mechanics. 

The Kantian view of space and time as 
a priori forms, which really amounted to 
an acceptance of Newton’s absolute space 
and time, was criticized by Poincare and 
others, but the credit for definitely put- 
ting space and time in the class with all 
other physical concepts belongs to Ein- 
stein. 

In order to define such terms as simul- 
taneity, length, etc., Einstein asked him- 
self: How does the physicist actually 
determine if two events are simultaneous 
or not, and how does he actually measure 
the length of an object? By proceeding 
in this way, Einstein contributed much 
to the recognition of the operational 
character of scientific concepts which 
has been so clearly emphasized in Bridg- 
man’s recent book, “The Logic of Mod- 
ern Physics.” 

In the theory of relativity, space and 
time are fused together into a four- 
dimensional space-time manifold. The 
three-dimensional section of this mani- 
fold which a certain observer calls space 
and the one-dimensional section which he 
calls time are in general different from 
the space and time of another observer. 
Space and time are subjective. How- 
ever, the difference in the spaces and 
times of two observers depends entirely 
on their relative motion and not upon 
their conflicting views on prohibition or 
the World Court. This relativity of 
space and time has many striking conse- 
quences. Two events which are simul- 
taneous for one observer will in general 
not be simultaneous for another. If you 
move relative to another observer, he will 
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see you flattened up in the direction of 
your motion and, by closer inspection, 
will find a subnormal pulse to be another 
of your symptoms. You, in turn, will 
see him flattened up and find his pulse 
to be slow. Unfortunately, it would take 
enormous relative velocities to observe 
these curious effects directly. But then, 
if these effects could be readily observed, 
they would not be curious, and Newton 
would have invented the theory of rela- 
tivity. 

Other consequences of the theory, such 
as the variation of mass with velocity, 
the existence of an upper limit to veloc- 
ity, the fusion of the concepts of mass 
and energy, the modification of the laws 
of motion, and so on, are of interest 
chiefly to physicists. I mention them 
only to indicate how extensive was the 
revision of the classical conceptions de- 
manded by the theory of relativity. 

The theory which has been so far re- 
ferred to is the so-called special or 
restricted theory of relativity. It is not 
necessary to state exactly to what re- 
stricted class of motions this theory 
applies, for in 1915 Einstein succeeded 
in working out a perfectly general the- 
ory which asserts that all motions are 
relative, i.e., that no matter what the 
motion of an observer is, his physical 
experiences may be described by the 
same fundamental laws. The creation 
of the general theory of relativity is one 
of the greatest achievements of the 
human mind. In commenting upon this 
theory, the late Dutch mathematical 
physicist, H. A. Lorentz, said sometime 
during the war that a hundred years 
from now this time will be referred to as 
the time of the creation of the general 
theory of relativity rather than as the 
time of the World War. In building up 
this theory Einstein had to incorporate 
in it the phenomenon of gravitation. 
The theory is therefore also a theory of 
gravitation. He further had to make 
use of non-Euclide^ geometry, the 


gravitational effects entering in the 
metric of this geometry. This fusion of 
gravitational forces with the geometrical 
properties of space is naturally very 
desirable, and it gave for the first time 
an understanding of the well-known fact 
that weight and mass are proportional. 
Einstein's most recent work, reported 
not long ago even in the newspapers, is 
a successful attempt to incorporate also 
electromagnetic forces into the general 
theory. 

The departure from Euclidean geom- 
etry made possible the solution of a cos- 
mological problem which long had 
troubled astronomers. According to 
Newton's theory, the part of the uni- 
verse which was filled with matter would 
hiive to be like an island floating in in- 
finite, empty space. Such a universe 
would gradually diffuse into the sur- 
rounding emptiness. Now, after a slight 
modification of his theory, Einstein was 
able to deduce from it a much more 
satisfactory cosmology, according to 
which space is more or less spherical in 
structure, i,e,, though unbounded, space 
has a finite extension, while matter is 
more or less uniformly distributed over 
the entire space. 

The use of four-dimensional and, still 
worse, non-Euclidean geometry in the 
theory of relativity has given rise to 
much discussion and much misunder- 
standing. Is space actually non-Eu- 
clidean y Or is the use of non-Euclidean 
geoTTii iry simply a mathematical trick 
which happens to simplify the descrip- 
tion of physical phenomena? The for- 
mer of these two questions is meaning- 
less. Space is neither Euclidean nor 
non-Euclidean. If we want to call it 
anything, the most appropriate predicate 
would be amorphous, as once remarked 
by Poincare. What kind of geometry we 
get depends upon our choice of metric, 
and we are at liberty to choose whatever 
metric we please. The second question, 
if the use of non-Euclidean geometry is 
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a mathematical trick, must be answered 
in the affirmative : non-Euclidean geom- 
etry is nothing but a conceptual spider- 
web which is used by physicists for the 
sole purpose of simplifying the descrip- 
tion. This, however, does not separate 
Einstein ^s theory from any other phys- 
ical theory. All theories are spiderwebs 
of symbols. The truth of a theory con- 
sists in its unique correlation with ex- 
perience, i.e., a theory is called true if 
there is a unique correspondence between 
its statements and the field of facts it is 
designed to describe. Since all experi- 
ence is approximative, we can never 
check this correlation with perfect ac- 
curacy. Hence, whenever progress is 
made in the art of experimentation, we 
must be prepared to discover imperfec- 
tions in our theories. There is no such 
thing as final truth. 

The explosion of the Kantian doctrine 
of synthetic a priori judgments broke 
down the barrier which was supposed to 
exist between mathematics and physics. 
The ingenious invention of the so-called 
implicit definitions by which Hilbert suc- 
ceeded in making mathematics logically 
independent of physics does not, of 
course, change the fact that generically 
mathematics is rooted in experience. If 
that were not so, the marvelous useful- 
ness of mathematics would indeed be 
hard to understand. 

Let me close the discussion of the 
philosophical implications of the theory 
of relativity with a quotation from 
Schlick's “Space and Time in Contem- 
porary Physics.^' He says: 

The importance of these results, in their 
bearing upon the underlying principles of nat- 
ural philosophy, is so stupendoiui that even 
those ivho have only a modest interest in 
physics or the theory of knowledge can not 
afford to pass them by. One has to delve deep 
into the history of science to discover theoreti- 
cal achievements worthy to rank with them. 
The discovery of Copernicus might suggest it- 
self to the mind; and if Einstein’s results do 
not exert as great an influence on the world- 


view of people in general as the Copernican 
revolution, their importance as affecting the 
purely theoretical picture of the world is cor- 
respondingly greater, inasmuch as the deepest 
foundations of our knowledge concerning physi- 
cal nature have to be remodeled much more 
radically than after the discovery of Coper- 
nicus. 

The theory of relativity is mainly con- 
cerned with the framework of space- 
time; the quantum theory, on the other 
hand, deals with that which occupies 
space-time. Being a theory of the struc- 
ture of atoms and molecules and of 
radiation, it is as all-embracing as the 
theory of relativity. While the theory 
of relativity has stimulated only a rather 
small number of physical experiments or 
astronomical observations, the quantum 
theory has profoundly influenced the 
work in every physical and chemical 
institute the world over. As a conse- 
quence, though the quantum theory of 
atomic structure is closely associated 
with the name of the Danish physicist 
Niels Bohr, it is less than the theory of 
relativity the creation of a single man. 

In spite of its great usefulness in 
chemistry, the concept of atoms re- 
mained fairly hypothetical throughout 
the nineteenth century. In fact, towards 
the end of the century, the great suc- 
cesses obtained by the application of 
thermodynamics to chemical problems 
led Ostwald and other chemists to aban- 
don the idea of atoms entirely. How- 
ever, only a few years later, direct ex- 
perimental evidence for the existence of 
atoms was forthcoming. This evidence 
came only after the discovery of the 
electron and of radioactivity, so before 
the existence of atoms was finally estab- 
lished it was known that atoms were not 
indivisible entities, but that they were 
made up in part of electrons. Since 
atoms are electrically neutral while elec- 
trons are negatively charged, atoms must 
also contain positive electric charges. 
In 1911 Sir Ernest Rutherford made the 
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extremely important discovery that the 
entire positive charge, and practically 
the entire mass, of an atom is concen- 
trated in a space exceedingly much 
smaller than the size of the atom. The 
picture which he gave us of an atom 
resembles greatly our solar system. All 
the units of positive electricity, protons 
we now call them, and some of the elec- 
trons, are concentrated in the so-called 
nucleus of the atom. Around the 
nucleus, the remaining electrons revolve 
at distances from the nucleus which are 
very large compared with the diameter 
of the nucleus. An atom, hence, is 
largely empty space. 

At about the same time, Moseley, a 
brilliant student of Rutherford’s, estab- 
lished the fact through his work on 
x-ray spectra that the niunber of net 
positive eharges on the nucleus, and 
therefore the number of electrons outside 
the nucleus, is simply equal to the atomic 
number, i,e,, the number listing the ele- 
ment’s place in the periodic system of 
Mendeleeff. It was a fortunate happen- 
ing that brought Bohr to Manchester 
shortly after the making of these impor- 
tant discoveries. In 1913 he published 
his first papers on the constitution of 
atoms and molecules, thereby laying the 
foundation to the theory which is domi- 
nating physics at the present time. The 
first nine or ten years of the Bohr theory 
were years of marvelous triumphs, but 
gradually it became clear that a deep- 
going revision was required. The deci- 
sive step toward such a revision was 
taken in 1926 by the young German 
physicist Heisenberg. Following the 
lead of de Broglie, Schrodinger, also in 
1926, created his wave mechanics, which 
accomplished essentially the same results 
as Heisenberg’s matrix mechanics. 
These two theories, while quite different 
in appearance, were soon found to be 
mathematically equivalent, and both of 
them are now parts of a more general 
quantum mechanios which forms a ra- 
tional generalization of the original Bohr 


theory. The years from 1926 to 1928 
were, indeed, busy years for the theoret- 
ical physicists. The complete overhaul- 
ing of a theory in a couple of years 
would have been entirely impossible but 
for the previous work of mathematicians 
on matrix algebra and on the theory of 
differential equations. While rapid 
progress is still being made in perfecting 
the new quantum theory, there are 
strong indications that the main features 
of the theory have reached a stable form. 

Parallel to this theoretical progress 
and greatly stimulated by it and, in 
turn, greatly stimulating it, exceedingly 
important experimental advances have 
taken place. Two of the most important 
discoveries of the last decade were made 
in this country. In 1923 A. H. Comp- 
ton, now of the University of Chicago, 
discovered that x-rays suffer a small 
increase in wave-length when scattered 
by materials of low density. The wave 
theory of radiation was unable to ac- 
count for this phenomenon, but it was 
readily explained on the basis of the 
corpuscular theory of light proposed a 
number of years earlier by Einstein. 
Thus Compton’s discovery made more 
acute the dilemma concerning the struc- 
ture of light which had greatly troubled 
physicists for some time. While the phe- 
nomena of diffraction and interference 
show conclusively that light is a wave 
motion, other phenomena show equally 
clearly that light consists of particles 1 
The other discovery, made in 1927, by 
Davisson and Germer, of the Bell Tele- 
phone Laboratories, creates a similar 
problem concerning the structure of the 
electron. Up to this time all known elec- 
tronic phenomena were satisfactorily 
described by picturing the electrons as 
small particles. However, Davisson and 
Germer found that a stream of electrons 
scattered by a nickel crystal exhibited 
unmistakable evidence of diffraction 
and interference. This has been verified 
by other experiments. In fact, we have 
now just as compelling reasons for 
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adopting a wave theory of electrons and 
protons as those which led to the adop- 
tion of the wave theory of light a hun- 
dred years ago. But how can light and 
matter be both particles and waves? We 
shall return to this question later. 

In his attempt to work out a theory 
for the motion of the extra-nuclear elec- 
trons and for the emission of radiation 
by atoms, Bohr naturally sought gui- 
dance from the sciences of mechanics 
and electrodynamics, which adequately 
describe the motions of large bodies and 
the ordinary electromagnetic phenom- 
ena. However, it was immediately clear 
that the ordinary laws of motion, and 
of electrodynamics, do not hold even 
approximately for the electrons within 
an atom. Bohr, therefore, turned to the 
very radical ideas of discontinuous 
energy changes invoked by Planck to 
account for the energy distribution in 
the so-called black body radiation. 
These ideas, together with a funda- 
mental law of spectroscopy discovered 
by Ritz, were shown by Bohr to form a 
suitable basis for a description of atomic 
processes. In the original Bohr theory 
the break with mechanics was not com- 
plete. The theory was, therefore, more 
or less of a patchwork of admittedly 
provisional character until, guided by 
Bohr’s so-called correspondence princi- 
ple, Heisenberg achieved its complete 
emancipation from mechanics, thus mak- 
ing the quantum theory as logically self- 
contained as ordinary mechanics. 

The most basic principle in the quan- 
tum theory and that which most sharply 
distinguishes it from the classical 
theories and gives it its name is the 
quantum postulate. According to this 
principle, an atom does not emit or ab- 
sorb radiation or exchange energy with 
other atoms or electrons except during 
a complete transition from one so-called 
stationary state to another. The atomic 
processes are therefore essentially dis- 
continuous in character. Many attempts 
have been made, first by Planck and 
most recently by Schrodinger, to allevi- 


ate this discontinuity or individuality 
of atomic processes, but these attempts 
have all failed. 

With the quantum postulate, it has 
been said, an element of irrationality has 
been introduced in our description of 
nature. I believe that it would be more 
correct to say quite the opposite. For 
certainly the intelligibility of the world 
depends largely upon the quantum laws. 
Knowledge, as we know, depends upon 
recognition. But recognition depends 
upon the existence of similarities in the 
objects of perception. Now if the laws 
of classical mechanics and electro- 
dynamics held on the atomic scale, we 
should not have a relatively small num- 
ber of chemical elements with constant 
and clear-cut properties such as definite 
valences and spectra consisting of 
sharply defined wave-lengths. In fact, 
if it were not for the quantum laws the 
physical world would hardly have any 
structure, and physical knowledge would 
be impossible. Or better expressed, the 
quantum theory, as an acknowledgment 
of a definite structure in atomic phe- 
nomena, may be looked upon as a guar- 
antee of the intelligibility of the phys- 
ical world. 

The most important consequences of 
the quantum postulate are embodied in 
the principle of uncertainty enunciated 
by Heisenberg in 1927. The substance 
of this principle is as simple as its 
philosophical implications are profound. 
The principle of uncertainty states that 
to any mechanical quantity Q corres- 
ponds another quantity P in such a way 
that the product of the uncertainties in 
our knowledge of Q and P can never be 
less than the so-called quantum of action 
or Planck’s constant. In other words, 
the more accurately we have determined 
the value of Q, the greater must be our 
ignorance concerning the value of P. 
For instance, if Q is a vector which 
determines the position of a particle, P 
will be its momentum, i.e., the product 
of the mass and velocity of the particle. 
Hence the more accurately we have 
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measured the position of a particle, the 
less can we know about its velocity. In 
particular, if the position were given 
with perfect accuracy, we could have no 
knowledge whatever about the velocity. 
Or, conversely, if the velocity of the 
particle were accurately known, we 
should be perfectly ignorant about its 
position. Similarly, even if all prac- 
tical difficulties interfering with the 
accuracy of our observations W'ere com- 
pletely eliminated, we could not know 
with perfect accuracy the energy of a 
mechanical system at a given instant. 
The more accurately the time is fixed, 
the more uncertain must be our knowl- 
edge of the energy. If the time is per- 
fectly accurately fixed, we must be 
totally ignorant of the value of the en- 
ergy, and vice versa. 

The validity of this principle follows 
from a consideration, in the light of 
the quantum postulate, of the process of 
observation. In order that we may 
observe an event a signal of some sort 
must reach one of our sense-organs. 
Let us consider a visual observation, in 
which case the signal consists of a stream 
of light quanta or photons. Then, in 
order that we may observe a certain 
particle, at least one photon must hit 
the particle and be deflected by it so as 
to enter our eye or our microscope or 
photographic camera. But in being de- 
flected from the particle to be observed, 
the photon imparts a certain amount of 
momentum to the particle. Now a 
simple consideration based upon the 
theory of the resolving power of optical 
instruments shows that the more ac- 
curately we observe the position of the 
particle, the less accurately will we know 
what change in the velocity of the par- 
ticle has been produced by the rebound- 
ing photon. In other words, to the ex- 
tent that we obtain accurate information 
of the position of the particle, we lose 
whatever knowledge we may have had 
of its velocity. Thus the uncertainty 
principle follows from these two facts; 
First, that in any observation we have 


a coupling or interaction between the 
object observed and the instrument of 
observation ; and second, that this inter- 
action is governed by the quantum laws 
and, therefore, can not be reduced below 
a certain value, which, in the example 
considered, depends upon the wave- 
length of the light used. 

If the particle which we observe has a 
very large mass, if it is, for instance, one 
of the planets, then the impact of the 
light upon it will produce only an ex- 
ceedingly small change in its velocity. 
On the other hand, if the particle should 
be an electron moving around an atomic 
nucleus in a certain stationary state of 
an atom, then an observation of the in- 
stantaneous position of the electron 
would bring the atom entirely out of its 
stationary state, thus making it impos- 
sible to observe more than one point of 
the electronic orbit. 

Our knowledge of the pliysical world 
is thus restricted not only by imperfec- 
tions in our instruments and methods 
of measurement, which we may hope to 
remove to a greater and greater degree, 
but also by unsurmountable barriers set 
up by the quantum structure of the 
universe, i,e,, by the very structure 
which makes the world intelligible. 

Now if all physical knowledge is thus 
limited by the uncertainty principle, 
then the possibility of a space-time de- 
scription of physical phenomena must 
be correspondingly restricted. If only 
one point can be observed of the orbit 
of ciii electron moving in an atom in a 
stationary state, then the very idea of 
orbit obviously loses its meaning. No 
space-time description of atomic transi- 
tion processes, and hence no visualiza- 
tion, is possible. Thus the kinematics 
of the quantum theory must be radically 
different from that of ordinary mechan- 
ics. It has been claimed that even if an 
exact space-time description of atomic 
processes is impossible, still each elec- 
tron must obviously have a definite posi- 
tion at any moment. But this demand 
for what Whitehead calls simple loca- 
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tion is no more valid than the belief in 
absolute motion after the adoption of 
the theory of relativity. 

The faith of the old physics in simple 
location is called by Whitehead the fal- 
lacy of misplaced concreteness. The 
recognition of this fallacy is obviously 
of the utmost importance for the general 
theory of knowledge. 

The renunciation of the belief in 
simple location has an interesting con- 
sequence. In his ‘‘Allgemeine Erkennt- 
nislehre*^ Schlick sets up the follow- 
ing criterion of reality: real is every- 
thing which must be conceived of as 
existing at a definite time. Now if no 
space-time description of the atomic 
processes is possible, these processes 
would be deemed unreal according to 
Schlick. His criterion of reality, which 
otherwise seems too broad, hence needs 
revision if real existence is to be attrib- 
uted to the electrons within the atoms. 

The limitation imposed upon any 
space-time description by the principle 
of uncertainty has completely removed 
the dilemma concerning the structure of 
light and matter. Both the particle 
picture and the wave picture have only 
a limited validity and, as Bohr has 
shown, their limitations are such as to 
exclude any contradiction between them. 
To the extent that a space-time descrip- 
tion is possible, both concepts are per- 
fectly equivalent. 

The most interesting philosophical im- 
plication of the principle of uncertainty 
is its bearing upon the principle of 
causality. This latter principle, which 
was so strongly supported by classical 
physics, has come to be regarded as al- 
most self-evident like the axioms of 
Euclidean geometry. The traditional 
belief in the exalted position of the prin- 
ciple of causality is well exemplified by 
the following statement by the German 
mathematical physicist 0. Mie. He 
writes in the first volume of Miiller- 
Pouillet’s ‘‘Lehrbuch der Physik,’* pub- 
lished in 1929: 

Thus we may compare the entire picture of 
the world which physics has constructed with a 


network of artfully woven threads, of which 
causality is the cohesive force. If the connec- 
tion would be severed in a single mask, the^ 
entire weave would come apart. To sacrifice 
even the smallest iota of the principle of 
causality would mean to give up physics. 

Now the principle of causality states 
that if an isolated part of the universe 
were known with perfect accuracy at a 
given instant, then it should be possible, 
at least in principle, to predict any fu- 
ture event within this part of the world. 
But according to the principle of uncer- 
tainty, the state of no part of the uni- 
verse can be known with perfect ac- 
curacy. Not even the state of a single 
atom, or even of a single electron, can 
be fully known. In fact, if half of the 
quantities required for specifying the 
state of a given system were known 
with perfect accuracy, we should be 
completely ignorant of the values of the 
other half of the required quantities. 
The principle of causality, as formu- 
lated, is therefore not valid. The be- 
lief in strict or rigorous causality must 
be given up. Of course, it may be 
maintained that the world may well be 
ruled by determinism and that the prin- 
ciple of causality may well hold even 
if our limitations are such that we can 
not accurately check this determinism. 
But in this interpretation the principle 
of causality would be meaningless. For 
a statement ceases to have meaning 
when it is recognized that no criterion 
exists for testing its validity. 

It is necessary to analyze the matter 
a little more closely. The principle of 
causality applies to isolated systems, but 
whenever a system is being observed it 
is no more an isolated system. Causality 
and observation thus mutually exclude 
one another. Bohr, to whom our pres- 
ent understanding of the uncertainty 
principle is largely due, speaks about a 
fundamental complementarity between 
causality and the possibility of observa- 
tion and hence of space-time description. 
The principle of causality is implied 
whenever we make use of the laws of 
the conservation of energy and momen- 
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turn, and in such cases a space-time 
description is out of question. The 
claim of causality may also be said to 
be satisfied as long as we describe a 
phenomenon by means of the abstract 
mathematical machinery of the quantum 
theory, but the equations contain the 
time and the space coordinates in a 
purely formal manner and furnish no 
space-time description. Such a descrip- 
tion, obtained when the results of the 
computations are given a physical in- 
terpretation, always implies observation 
and hence a break in the causal chain. 

It is an interesting feature of the 
quantum theory, first recognized by 
Born, that its statements, when inter- 
preted physically, must be considered as 
having only statistical significance. In 
this regard the laws of the quantum 
theory are much like the laws of thermo- 
dynamics or like MendePs laws in ge- 
netics. A statistical law gives only prob- 
abilities and average values. The ac- 
curacy of its predictions depends en- 
tirely upon the number of individuals in 
the group considered and upon the 
length of time the group is observed. 

Now the laws which are found to hold 
for matter in bulk, in particular the 
laws of ordinary mechanics and electro- 
dynamics, must evidently be regarded, 
in spite of the theory of emergent evolu- 
tion, as consequences on the laws hold- 
ing for single atoms or for small groups 
of atoms. It seems, therefore, that all 
known physical laws are of statistical 
nature. We may, therefore, well raise 
the question: Is statistical truth the 
only kind of truth which we may strive 
fort And we may ask: Are statistical 
laws possible without primary lawst It 
would seem that any statistical regular- 
ity must depend upon some sort of 
similarity in the behavior of the indi- 
viduals. If this similarity in behavior is 
not a primary law it must presumably 
be statistical, but then it would depend 
upon some more fundamental regular- 
ity, which in turn might be either statis- 
tical or primary, and so on. We shall 


not attempt to answer these questions. 
It may well be that the very distinction 
between primary and statistical law is 
a fallacy. 

The application of the laws of the 
quantum theory to physical problems is 
often very difficult. Not only do we 
have a choice between two space-time 
pictures, that of a particle and that of a 
wave, whose limitations must be con- 
stantly kept in mind, but there is, in ad- 
dition, a wide ambiguity as to the dif- 
ferentiation between the object to be ob- 
served and the instrument of observa- 
tion. Thus, in the idealized experiment 
described above in which the position of 
an electron is determined by observing 
the light it scatters, we may consider 
either the electron alone, or the electron 
and the light, or the electron, the light 
and the microscope as the object to be 
observed. Or we might even include our 
eye and part of our nervous system. In 
principle, it makes no difference how we 
delimit the object, but of course the 
mathematical machinery of the quantum 
theory must be applied in accordance 
with the choice we make. Obviously, we 
need to develop new concepts and men- 
tal habits which conform to the require- 
ments of the quantum theory, for we 
are continually apt to be deceived by 
the traditional scientific thought with 
its union of causality and space-time 
description. 

The strange implications of the theory 
of relativity and of the quantum theory 
may he disregarded by many experi- 
mei vtni physicists who deal with slow 
motions and with large-scale phenomena, 
but for the epistemologist these impli- 
cations are of the utmost importance. 
The theory of relativity has already had 
a profound influence upon contempo- 
rary scientific thought, and it is clear 
that Bohr^s conception of a comple- 
mentarity between space-time descrip- 
tion and causality, based upon Heisen- 
berg’s principle of uncertainty, will 
have a central place in any future the- 
ory of knowledge. 
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Tue extensive application of the gase- 
ous explosive reaction as a source of 
power in internal combustion engines 
has given every one at least some 
acquaintance with it in its present popu- 
lar role; for in this role it occupies a 
large part of the world’s stage, pro- 
claiming in modern noisy, spectacular 
fashion to crowded houses its latest con- 
tribution to the secondary environment 
within which, above, below and all 
around, human life is rapidly enclosing 
itself. 

This particular application of one of 
the commonest forms of molecular trans- 
formation to be met with — ^a transfor- 
mation wholly confined to the gaseous 
state at the high temperature of flame — 
has been from earliest times perhaps 
more intimately associated with human 
life than any other of nature’s forces. 

The longest well-developed road we 
know is that leading from the primitive 
engineer who first built his fire at the 
mouth of a cave to gain the advantage 
of its heat in the bodily comfort of 
warmth, to the modern engineer who 
now builds it within the engine’s cylin- 
der to gain the advantage of its heat in 
the control and direction of power. Yet 
the primitive engineer in building his 
fire was concerned with the same general 
technical problems as the modern engi- 
neer : Both selected their fuel from 
nature’s store with care based on trial 
and experience; both were concerned 
with the problem of ignition and with 
its position, relative to the fuel, where it 
would be most effective ; both estimated, 
then apportioned, the amount of fuel to 
meet the required end, and both were 

1 Publication approved by the Director of 
the Bureau of Standards of the XJ. S. Depart- 
ment of Commerce. 


particularly concerned in controlling 
the period of its transformation. 

If in general the broad technical 
problems that have so far arisen in the 
various applications made of the flame 
reaction have changed but little over 
this long period of development, the 
changes that its multiplying applica- 
tions have wrought in the environment 
of those devising and using them, to- 
gether with the changes compelled by 
the reaction of that modified environ- 
ment on intellectual development and 
outlook, form a record of basic human 
interest. Such a record of any line of 
development exhibits the interrelation 
between what is termed human progress 
and the products, material and intel- 
lectual, of that progress that provide the 
equipment necessary for effecting the 
next advance. 

Whoever has followed the history of a 
single science finds in its development a clue to 
the understanding of the oldest and commonest 
processes of all knowledge and cognizance.^ 

Historical studies are of fundamental impor- 
tance in connection with the effort to advance 
scientific knowledge in any lino. It is from 
such studies that we became acquainted with 
other problems, other possible assumptions, 
other viewpoints whose birth, growth, change 
and decay were connected with the conditions 
under which the processes then studied took 
place. Under the influence of other facts wldch 
once occupied the front of the stage, there arose 
other concepts than those today in vogue; from 
these we may observe that over new problems 
arose to demand solution. If we accustom our- 
selves to consider every concept simply as a 
means to a deflnite end, we likewise accustom 
ourselves in any particular case to tolerate in 
our own mode of thinking those changes that 
the facts seem to require.* 

That part of the development of 
knowledge pertaining to the flame that 

* Nietzsche. 

* E. Mach. 
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is most intimately connected with its 
present extensive application as a source 
of power, is of rather recent acquisition 
— ^paralleling closely industrial develop- 
ment that is dependent on the efSeient 
use of power. It might be mentioned, 
however, that the long slow development 
previous to the industrial era is by no 
means devoid either of technical or of 
human interest. The specialist in folk- 
lore finds the flame intimately connected 
with the life of the home, while the tra- 
ditions of alchemy still abundantly per- 
sist. With the passing of the hearth- 
stone, passed many of the traditions, 
industries and influences of home life — 
the essential matrix that insured the 
solidarity of the older state. Besides, it 
was during this long period of compan- 
ionate intimacy with the family that 
the flame firmly established itself as a 
powerful mystic symbol of life. It in- 
spired contemplation on the ancient 
altar, it still provokes humility and 
reverence on the modern one. These 
human reactions may not be ignored in 
modern research, for, given time enough, 
the concepts born of the science of any 
period ultimately become a lore. 

Diffusion Flames 

The realization of the fact that the 
common flame — ^no matter what may 
have been the crude form of the fuel 
used — ^burned only gas, developed with 
extreme slowness ; but when fully 
realized, quick advantage was taken of 
it in the manufacture and piping of 
‘‘distilled coaF^ from a central works. 
This gas was at first largely produced 
and consumed for lighting purposes in 
fishtail burners. Like the primitive 
flame that it was, the flame in this case 
depended for its support on the mutual 
rate of diffusion between the fuel-gas 
and the air. Between the layer of pure 
gas on the one hand and pure air on the 
other, there existed regions of every pos- 
sible mixture ratio of fuel-gas and air. 


Not all these mixture ratios would sup- 
port a flame reaction and only one of 
them would support the reaction with- 
out loss to either reacting component. 
The economic possibility occurred to 
Bunsen of effecting the complete diffu- 
sion of the active gases, before ignition, 
in any desired mixture of gas and air or 
of gas and oxygen. The original simple 
device developed to secure this advan- 
tage — ^the Bunsen burner — made a new 
and highly efficient flame form possible 
while incidentally solving the smoke 
prevention problem. Numerous modifi- 
cations of Bunsen's device suitable to 
different industrial purposes have rap- 
idly followed. In magnitude this appli- 
cation by industry of the continuous 
gaseous explosive reaction rivals its 
application as a source of power in the 
gas engine. 

The Zone op Explosive Reaction 

When a homogenous mixture of ex- 
plosive gases is fed through a tube at a 
constant volume rate of flow and ignited, 
the characteristic form assumed by the 
flame is no longer diffused but is con- 
fined to a thin, sharply defined stratum 
or zone within which the explosive trans- 
formation of the gases takes place. The 
reaction conditions automatically main- 
tained by the continuous uniform flow 
of the homogenous mixture of explosive 
gases is therefore constant. Pig. 1 (p. 
561) is a photograph of the stationary 
explosive reaction zone formed above 
the bu] ner tube. Pig. 2 is a schematic 
diagram of it. This device in its 
most refined form and accurate ma- 
nipulation provided the first oppor- 
tunity for studying at least the gross 
mechanism of the gaseous explosive 
process. Gouy (1879), in carrying 
out his photometric investigations of 
colored flames, using a modified Bunsen 
burner, realized that this stationary 
figure of the reaction zone so closely ap- 
proaching a perfect cone could, under 
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favorable conditions, be analyzed in 
terms of the relative movement between 
zone and active gases supporting it. He 
found that if u was the uniform linear 
rate of flow of a filament of the explosive 
gas issuing from the tube and entering 
the zone at an angle a, then the com- 
ponent of u normal to the surface of the 
zone would just balance the linear rate 
of propagation of the zone within the 
gases. He further found that any 
change in the velocity of u was followed 
by such an automatic readjustment of 
the symmetrical conical figure, and hence 
of the angle a, that the linear rate of 
propagation of the reaction zone for a 
given explosive mixture remained con- 
stant. Gouy’s results may be stated as 
follows; The linear rate of propagation 
of the reaction zone relative to a homo- 
geneous mixture of explosive gases is 
constant at constant pressure and inde- 
pendent of the mass movement of the 
active gases supporting the zone. Gouy ’s 
experimental results, dealing with the 
gross mechanism of the gaseous ex- 
plosive reaction at constant pressure, 
were, as stated, incidental to his investi- 
gation of colored flames. They have 
remained for a long time obscure. 

In the meantime unusual interest and 
activity developed in the study of the 
gaseous explosive reaction under con- 
stant volume conditions. Under these 
conditions the observed rate of displace- 
ment of the zone in space is far from 
constant. The initial pressure and tem- 
perature of the active gases passing the 
reaction zone during the progress of the 
explosion is likewise variable; also the 
essential factor — the mass movement of 
the active gases supporting the zone, de- 
terminate, at least approximately, by 
Goiiy’s method, is indeterminate under 
constant volume conditions. As a con- 
sequence, the linear rate of propagation 
of the reaction zone relative to the active 
gases carrying it, i.e., their linear rate of 
transformation, can not he determined 


under constant volume conditions, be- 
cause the mass movement of the gases 
carrying the zone is indeterminate. 

But the study of gaseous explosions in 
closed containers, nevertheless, led to im- 
portant results. In 1883 Berthelot and 
Vieille announced the discovery of a new 
gross mechanism of the explosive reac- 
tion. This they designated as the ex- 
plosive wave. 

Ab Boon OB tho eomproBBion of the unburned 
layer 6f goseB in the container becomee bo 
great that Belf-ignition followB, the reBulting 
extraordinary powerful compression wave is 
propagated with very great velocity and with 
eimultaneouB ignition; %.e., we have the spon- 
taneous development of the explosive wave.* 

The pressure within the wave is con- 
stant; its rate of propagation is constant 
and characteristic for each mixture 
ratio; it is independent of initial pres- 
sure and of the container. For purposes 
of study, the wave has tisually been in- 
cited in explosive mixtures by the de- 
velopment within long cylindrical con- 
tainers of those pressure-temperature 
conditions necessary to its formation and 
continuation. It was discovered in con- 
nection with the normal burning reac- 
tion. It is not, however, dependent on 
this preliminary stage. Any means of 
producing in the explosive gaseous fluid 
a compression wave intense enough to 
ignite the gases will incite the explosive 
wave form of reaction in those mixtures 
able to support it. The propagation of 
the explosive wave is usually looked 
upon as a purely hydrodynamic process 
into which the molecular transformation 
enters only as a thermodynamic factor, 
the heat of reaction. Nemst has ex- 
pressed the opinion that molecular theo- 
retical consideration introduced to ex- 
plain explosive wave phenomena are as 
much out of place as they would be for 
the treatment of acoustics. Neverthe- 
less the modem theory and mechanism 

* Nernst. 
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involved in the kinetics of chain reac- 
tions seem to offer quite as favorable an 
explanation of the phenomena as purely 
hydromechanical considerations. In ref- 
erence to the various special theories 
that arise from time to time, resulting 
from studies of special reaction forms, it 
should be appreciated that the different 
reaction forms that the same gaseous 
molecular transformation may assume 
all lead to the same final equilibrium 
condition, K, for the same final tempera- 
ture and pressure. The transition from 
one form to another is abrupt and out- 
wardly definitely marked. It is as- 
sumed, however, since each of these 
forms leads to the same end point, that 
the ultimate microprocesses (if ‘‘ulti- 
mates” exist) in each of them are the 
same; yet no satisfactory theory and 
mechanism describing these microproc- 
esses and at the same time accounting 
for the abrupt changes in reaction rates 
that characterize the different forms 
have as yet appeared. 

As far as industrial applications of 
the reaction as a source of power arc 
concerned, experience shows that only 
its normal burning form is applicable. 
Both in engine design and in prepara- 
tion of fuel it is sought in practice to 
confine the reaction strictly to its normal 
burning form ; yet the study of this im- 
portant form has received far less atten- 
tion than that of the slow reaction below 
ignition temperature and much less con- 
sideration than the explosive wave (deto- 
nation) or even its electrochemical form 
occurring in the gas cell. 

With very few exceptions, all the 
studies of the normal burning gaseous 
reaction have been made under condi- 
tions of constant volume. A survey of 
the great number of such studies dealing 
with the behavior of the reaction zone 
will show, however, that the observed 
time-displacement of the zone in space 
has erroneously been considered its rate 
of propagation within the gases. The 


rate of displacement of the zone in space 
is the sum of its rate of propagation 
relative to the gases plus the rate of mass 
movement of the gases carrying it. In 
the case of the reaction at constant pres- 
sure, the rate of mass movement of 
the gases is always numerically much 
greater than the rate of propagation and 
this is true also for the initial stages of 
the reaction under conditions of con- 
stant volume. Perhaps the necessary 
distinction between the rate of displace- 
ment of the reaction zone in space and 
its rate of propagation relative to the 
active gases carrying it may be made 
clearer by considering the case of a man 
walking at uniform rate along a moving 
train of box-cars. In order to find his 
rate of progress (propagation) relative 
to the train (gases) from his observed 
rate of displacement in space, the simul- 
taneous movement of the train (gases) 
must be known. The train (gases) may 
slow down, go faster, stop or back up 
(it does all this and worse in a few thou- 
sandths of a second under constant vol- 
ume conditions), while the movement of 
the man (zone) relative to the train 
(gases) remains constant. Helmholtz 
and Kundt pointed out this error in the 
earlier results published on the behavior 
of the normal burning reaction zone, and 
at their instigation Michelson (1889) 
carried out a set of studies to determine 
the normal rate of flame propagation in 
mixtures of explosive gases. Michelson 
found for the normal burning reaction 
zone, as did Berthelot for the explosive 
wave, that each explosive mixture, at 
constant pressure, had its own character- 
istic rate of propagation — the explosive 
wave values for the same reaction being 
some thousand times higher than the cor- 
responding values of the normal burning 
zone. Michelson plotted the results he 
obtained, expressing velocities as ordi- 
nates and the volumetric mixture ratios 
as abscissae. By so doing he found that 
the resulting graphs in all cases indi- 
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cated a smooth curve with maximum at 
or near the velocity corresponding to 
equivalent proportions of the reacting 
components. The most complete and 
definite set of results obtained by him 
were those for the explosive reaction of 
carbon monoxide and oxygen. The ex- 
plosive reaction of these gases saturated 
at room temperature with water vapor, 
is relatively slow, while the actinic prop- 
erty of the reaction zone is most favor- 
able for securing photographic records 
of it. 

It was Michelson’s coordinate figure 
expressing the experimental relation be- 
tween the rate of propagation of the 
reaction zone measured relative to the 
active gases (their linear rate of trans- 
formation) and the volumetric mixture 
ratios of those gases that led the writer 
to suspect a possible statistical relation 
between the linear rate of propagation 
of the zone within the gases and 
their molecular concentrations — a rela- 
tion analogous to that offered by 
Arrhenius between the rate of mo- 
lecular transformation, V, and the 
partial pressures of the active gases. 
V = k,[A]“»[B]'‘[C]"* is Ar- 

rhenius’s expression for the rate of mo- 
lecular transformation in one direction 
of a gaseous system, where [A], [B], 
etc., are the partial pressures of the 
various active gases, n„ n^, etc., their 
respective coefficients in the stoichio- 
metric equation written for complete 
reaction ; n, + n, + etc. is the assumed 
reaction order, k, is a proportion- 
ality factor termed a velocity coefficient. 
In the case of the gaseous reaction 
2C0 + 0, -♦K, Arrhenius’s generalized 
expression becomes V = k, [CO ] * [0*] . In 
this expression for molecular transfor- 
mation, the writer substituted for V the 
experimental values for the linear rate of 
propagation, s (transformation), found 
by Michelson, and for the bracketed 
expressions, the partial pressures of CO 
and Og corresponding to s. At constant 


pressure the concentrations of the active 
gases entering the zone remain constant; 
hence s should remain constant, as it 

g 

does. ki'TnTvfTrTTT states how much 

greater the numerical value of the linear 
rate of propagation is than the numeri- 
cal value of r= [C 0 ]*[ 02 ] giving the 
probable rate of impacts in an as- 
sumed trimolecular order, 2CO + 0*, 
finally resulting in an equilibrium con- 
fCO 1* 

dition, K = The equation 

s = ki[C 0 ]*[ 02 ] has its maximum value 
when the partial pressure of CO = .667 
and 02 = .333. This is close to the ex- 
perimental value found by Michelson. 
Using all of Michelson’s experimental 
values, it was further found that k, re- 
mained fairly constant. Much closer 
agreement was later found by repeating 
and greatly extending his experimental 
studies. In so doing, however, a num- 
ber of disadvantages not easily overcome 
were revealed in the burner method. In 
only those cases where the stationary 
form of the reaction zone approached 
closely a symmetrical cone was lie agree- 
ment found satisfactory. The distribu- 
tion of flow velocities over the cross- 
section of the tube is, in most cases, far 
from uniform, while the assumption that 
their rate and direction of flow after 
leaving the aperture of the tube remains 
parallel to its axis will not hold; espe- 
cially is this found to be the case where 
high flow velocities through the tube are 
necessary to balance the high rates of 
propagation of the reaction zone met 
with in many gaseous explosive mix- 
tures. The method has very narrow 
limitations; it is only approximate in 
those cases where an assumption of uni- 
form flow both within and without the 
burner tube may not be greatly in error. 
Fig. 7 shows the close agreement be- 
tween observed and calculated values 
of s in this reaction when some of the 
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disadvanta^^cs of the burner luellioil 
have h(*eii overeoine. 

The Sptierk’AT; Bomb of (U)nstant 
Volume wjtji Central Ignition 

In seekinjr souk* means \vlierehy the 
actual rate of propaj^ation of the zone 
relative to the active fras(‘s (their linear 
rate of transformation in a « 4 :aseous 
system) could he distin”Uisli(‘d from the 
simultaneous mass moveiiuuit of tlie 
gases, a number of eoni rolling and di- 
rective principles already ^^ell estah- 
lish(‘(l [)lay(‘d a detcumiining part Chief 
among th('S(‘ ^\^*re two 1 InM-modynamie 
methods, one tli(‘or(*tieal, the other e\- 
perimenlal, Iml both offering inter(‘s1ing 
suggestions as to the behavior of the n*- 
aetion zone in ex])losive transformations 
The theoretical in(‘ehanism made use of 
by vaii’t II off and others in computing 
the maximum work of a gaseous trans- 
formation (‘iriploys thr(‘(* imaginary 
zones or eomjiartrnents corresponding to 
three important stages in the reaction 
over which by a cycle [irocess the maxi- 
mum work of the transformation is 
computed Til is imagined process in- 
volves the concept of a coiitimious uni- 
form reaction maintained in the reaction 
chamber by sup[)lying it ^^ith initial 
active comiionents af the same vyufoim 
rate at which the reaction (e(iuilibrium) 
products w(*n» removed to the ecpiilib- 
rium zone Now' the gaseous explosive 
reaction automatically falls into the 
same three well-marked zones and at 
constant pressure actually executes the 
imagined process described by van^t 
ITofP of supplying its reaction zone with 
initial active components at the same 
constant rate that the reaction (equi- 
librium) products are removed from it 
The other thermodynamic method in- 
volving the behavior of the reaction zone, 
was a purely experimental one in wdiich 
it is evident that the high degree of ac- 
curacy attained during the last twenty 
years by its use depends on the inherent 
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cliaracteristics of the reaction zone in 
clT<‘ctjng tlie transformation of a gaseous 
s\st('m The new jiriiiciple introduced 
with so much advantage in th(*se thermo- 
dynamic studies is the old principle of 
symmetry Langim, an automotive en- 
gineer, engaged on studies of the gas 
engine with tin* ultimate purjiose in view 
of establishing for it a rational therm >- 
dynamic cycle of reference, realized 
clearly that the movement of tlie normal 
burn in •• reaction zone as observed in 
space was mad(‘ u]) at all times of the 
rate at which the zone propagated itself 
relative to the active gases carrying it 
and the mass movement of the gases 
themselves. Realizing this he further 
saw^ that if the explosive reaction in 
homogeneous gases originated at the cen- 
ter of a spherical bomb of constant vol- 
ume, then the reaction zone together 
wdth the hydrodynamic disturbances set 
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up in th(* liomogeneous fluid at the suiiie 
point must all maintain, duriiif? the 
transformation, positions eoncontrically 
symmetrical with tlie ijrnition point and 
with the spherical bomb, in this way 
the heat losses, larjjfe and indeterminate 
in the engine cylinder* or in any other 
form of container — during the progress 
of the explosion would, by this applica- 
tion of the principle of symmetry, be 
reduced to unavoidable losses due only 
to radiation. Such insight on the part 
of Langen, having regard both to the dy- 
namics of the engine ^s fluid and to the 
conseiiuent favorable symmetry of all of 
the processes occurring in it, has de- 
velo])(*d into an instrument of high pre- 
cision -an instrument and method in- 
spired by the demands of industry, serv- 
ing most efficiently both practieal and 
theoretical ends. 

A specially high value must be attached to 
the explosion method, since, by suitable varia- 
tions of the experimental conditions, it enables 


both the spocific heats and the equilibrium con- 
stant to bo determined.’** 

The Spherical Bomb of Constant 

pRESSTTUE WITH CENTRAL 

Ignition 

In the light of historical d(‘velopment 
— from the lead of tin* well-traveled 
road — it would lx* diffieult to eseape the 
suggestion so evident in tin* constant 
jiressun* method of Couy-Miehelson, in 
the theoretical vision of van’t Hoff^s 
cycle and in tin* constant volume method 
and d(‘vi(*e of Langeii, that, if a volume 
of iiomogeneous (*xplosive gases at rest 
and without dilfusion could exist tem- 
porarily in space, a reaction zone origi- 
nating at a point within would prop- 
agate itself ill the homogeneous gases 
at a constant rate in all directions; 
it would be an expanding spln*re enclos- 
ing the reaction (equilibrium) products. 
The i<lea suggested itself that a close ap- 
proach to tins id(*ally favorable but 
practically unatlaimible condition could 
be to a fair d(*gree realized by holding 
temporarily the explosive gaseous mix- 
*** Nernst. 
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tiiro within a soap film eontainor and 
firing* it from tin* center. Fig. 3 is a 
pliotograpli of such a container hold- 
ing temporarily an explosive mixture of 
carbon monoxide and oxygen. Fig. 4 is 
a sclimnatic figure of LangeiFs spherical 
constant volume bomb with ccnitral ig- 
nition. Fig. 5 is a photographic time- 
volume record of the reaction that fol- 
lo^^ed ignition of the gases in the soap 
film bomb Fig. G is a timc'-pressure 
record of the reaction, obtained with a 
Pier nianoiiieter, that follow (‘d ignition 
in Lange’s spherical constant volume 
bomb. Th(*se two sets of figures, the one 
exj[)ressing the initial and final volumes 
at constant pressnns the* other express- 
ing the initial and final pressures at con- 
stant volume, are thermodynamically 
related as (*xpress(»d in the gas law\ 
])V-nKT The final jin'ssure corre- 
sjionds to the reaction constant Ky; the 
final volume, to the reaction constant K,, 
Fig o permits the sought-for distinc- 
tion to b(‘ made between the actual rate 
of propagation, s, of the reaction zone 
and the rale of mass movement of the 
active gas(‘S carrying it The time- 
displacement trace of the zone on the 
moving photographic film is a right line. 
The speed of the film and the rate of 
displacement of the zone at right angles 
to each other were constant; lienee the 
inclination of the zone trace on the film 
givt*s the rate of displacement of the 
zone in space, s'. The initial volume of 
the explosive gases whose transforma- 
tion is here considered and whose lime- 
volume change is automatically record(‘d 
in Fig. f) is the volume of a sphere wfiiose 
initial diameter is 2r — the horizontal 
diameter of the bubble passing through 
the point of ignition. The bubble itsifif 
is not a sphere, but the reaction zone 
originating at the point of ignition is a 
sphere and remains so during the trans- 
formation of the gases. The volume of 
this expanding sphere at the instant all 
of the gases of the initial sphere, 2r, 
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hav(* been traiisfornu*d, is given by its 
final dianndcr, 2r', recorded in the [)ho- 
tographic time-volume figure From 
these dimensions the rate of propagation 
of the zone relative to the active gases 
(their )m(*ar rate of transformation) 

r^ 

mav be found. It is s-.s'-,„. The rate 

of mass movement of the active gases 
away from the ignition point is, for the 
condition of constant jire.ssure here de- 
scribed, s' - s 

The simple bubble d('vice, functioning 
as a transparent bomb of constant pres- 
sure, is the complement of the bomb of 
constant volume; it duplicates all of 
the th(*rmodynamic po.ssihilities of that 
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bomb, dispenses with a manometer, and 
avoids the unfavorable violent disturb- 
ances of the gfaseous fluid inseparable 
from the explosive reaction at constant 
volume. Being transparent, it provides 
in addition an accurate inetliod for de- 
termining, under standard conditions, 
the rate of propagation of the reaction 
zone relative to the active gases. For 
this purpose it is applicable to a very 
wide range of reaction velocities below 
the velocity of sound in the gases. With 
this device the empirical statistical re- 
lation, indicated in Mlchelson^s pub- 
lished r(‘sults, connecting the rate of 
propagation of the zone with the concen- 
tration composition of the active gases, 

was tested out: s s'^= kj [C 0 J^[ 02 ]. 

The results that were obtained are 
shown in the coordinate Fig. 7. Ex- 
perimental values are represent(*d in the 
figure by filled circles. Open circles and 
the continuous link mark the locus of 
the equation, s = 691 f('0J^[02]. The 
constant, 691, is the average value of 

k" r; ~ ; 7 A 2 ^|A i ' over the range of mix- 

ture ratios that would suf)port a reac- 
tion zone. The agreement here between 



observed and calculated values is seen 
to be close. 

The stoichiometric equation express- 
ing the ecpiality of massifs between the 
initial components and the reaction 
products, together with the reaction 
heat of the transformation, provide 
the fundamental tluTmodynamic factors 
available to the engineer. In the value 
of K tliey express for any given condi- 
tion of temperature and pr(»ssure the 
reaction constant — the essential factor 
in detcTinining the maximum work of 
the explosive reaction, A (van^t Hollas 
reaction cycle). In its simplest form, 
Ihis may be expressed as A = HT In K 
Shouhl a relationship of the same fac- 
tors express also the rate of energy 
liberation in the same gaseous explosiv(‘ 
charge, their practical utility would be 
much extended as well as their theoreli- 
cal significance. During the last few 
years the relationship shown in the co- 
ordinate Fig 7 has been tested in the 
case of a gr(‘at many other gaseous ex- 
plosive combinations; in all of these 
cases the relationship between rate of 
propagation and the concentrations of 
the active components was found to hold 
wherever the stoichiometric equation 
could be written for the completed reac- 
tion. The details of these studies and 
their specific results can not be given 
here. They involve not only simple 
ga.ses such as the example given, but 
fuels of complex composition also, made 
up of known components in known pro- 
portions; and the etfect of inert gases. 
Reactions have also been studied over 
wide ranges of different constant pres- 
sures and the effect of pressure on the 
rate of propagation of the reaction zone 
and the rate of molecular (energy) 
transformation within it, determined. 
When the reaction takes place at con- 
stant volume the unburned active gases 
may be progressively subjected to pres- 
sures varying, say, from one to ten or 
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more atmospheres in a very small frac- 
tion of a second. The reaction period is 
so short that the instant effect of the 
rapidly increasing prt'ssure on the rate 
of propagation of the reaction zone and 
on the rate of molecular transformation 
within it becomes practically impossible 
to determine. But by the constant pres- 
sure method described, the instant pres- 
sure corresponding to any stage in the 
j)rogress of the constant volume reaction 
may be duplicated and indefinitely 
maintained so that the effect of the jires- 
sure on the rate of propagation of the 
reaction zone for all mixture ratios of 
the given fuel that will ignite may be 
readily measured, Tlie results of these 
s])ecial studies, carried out at the Bu- 
reau of Standards at the nspiest of and 
with the financial supfiort of the Na- 
tional Advisory ('oiumitti'c for Aero- 


nautics, may be found in the committee ’s 
Technical Beports. 
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ALHIUrr ABRMTAM MTCIIKLSON 

LATE DISTINODISHM) ShKXK »"R<)FKSSOR AND HEAD OF TllK DEPARTMENT OF PHYSICS OF THE 
I^NIVERSITY OF (MlD A<JO, WHO DIFD IN J*A8AnF.NA ON MAY 9. 



THE PROGRESS OF SCIENCE 

THE FRANKLIN MEDAL AWARDS OF THE FRANKLIN INSTITUTE 


The Franklin Mrdal, tlio 
award in thr jrift of The Franklin Jn- 
stilnte, is awarded annually to those 
workers in pliysieal seicniee or 1(»ehnol- 
ojry, without rejrard to eonntry, whose 
efforts, in the opinion of the institute, 
aetiiifr Ihrou^di its eoniniittee (Ui seienee 
and the arts, liave done most to advanee 
a knowledjie of pliysieal seienee or its 
applieations 

This year two Franklin Medals hav(* 
been a^^arded and w(*re jirestnited to the 
reeifiients at tlie 1M(*dal Day Exercises 
at The Franklin Institute on the after- 
noon of \V(‘dnesday, May 20. 

One of these awards was pres^nited to 
Sir JaiiK's Ilopwood Jeans, of London, 
England, in reeo<!:nition of his many 
fruitful contributions to mathematical 
physics, <‘speeially in the realms of the 
dynamical theory of jrases and the 
theories of radiation, of his challenging 
explanations of astronomical problems 
and of his illuminatiri}; exjiositions of 
niodcrn sci<*ntific ideas. 

Sir eTam(‘s dedans was born in London 
in 1877, was (Mliieated at Trinity Col- 
ic"!*, Cambridjre, where h(» was second 
wranjih*!* in 18t)8 and Smith ’s prizeman 
in 1000. M(’ntion of some of the ])osi- 
tions he has held will shov^ the infiuenc!* 
he has i)<*cn in the field of scientific edu- 
cation. He ^^as firofessor of apfilied 
mathematics at Frinc(*ton University 
from 1007) to 1000, Stokes lecturer at 
Cambridge from 1010 to 1012, Halle,^ 
lecturer at Oxford in 1022, associate at 
Mt. Wils(ni Observatory in 1028 and 
secretary of the Royal Society 

He has b(‘(*n the recipient of many 
honors — a Royal Medal from the Royal 
Society in 1010, the Gold M<*dal of the 
Royal Astronomical Society in 1022 
He is a f(‘Ilow of the Royal Society and 
of Trinity Uolle^n* and was knij»hted in 
1928. 


H<* has been a leailer in the advanct‘s 
that liave been made in the* fields of tlie 
])hysical sciences, notably in astronomy. 
That this is sj) may b<* seen by a consid- 
(*ration of the many books that he has 
published: “The Dynamical Theory of 
(ias(‘s’’ in 1004, ^‘lOieoretical Mechan- 
ics” in 1008, ^^The Mathematical 
Theory of Electricity and Ma"n(»tism” 
in 1008, “Radiation and the Quantum 
Theory” in 1014, “l^roblems of Cos- 
mogony and Stellar Dynamics” in 
1010, “Atomicity and Quanta” in 1020, 
“Astronomy and (\)smo"ony” in 1028, 
“The Universe Around Us” in If 120, 
“The ^lysterious I'^niverse” in 1030 
and “The Stars in Their Course's” in 
1031 

AVhih* a number of th<*S(* books arc 
highly t<‘chnical and can be rc'ud with 
full nmlerstandinjjr only by those bav- 
in" a scientific education the later books 
are of a mon* jiopular character. This 
IS especially true of “The Stars in 
Their Cours(*s, which is an expansion 
of a series of radio talks driven throuprh 
the British Broadcasting (kimjmny. 
The hook jnits in an attractive and 
readily understood fashion the stor\ of 
what constitutes the universe as it is 
umh'rstood by om* wdio has mad(* the 
subject a lifelonj^ study. Sir James has 
made many contributions to the {rrowth 
of scc'iice, as is shown in his many 
papers publislu'd in scientific journals. 

AmJher medalist for lfl31, to whom 
the Franklin Medal was awarded, is Dr. 
Willis Rodney Whitney, of Sclnmec- 
tady. New York, in recotr*'dion of his 
valuable contributions to industrial 
ch('misti\N and of his sijrnal success as 
or"aniZ(‘r and director of tin* greatly 
productive rescvircli laboratory of the 
(leneral Electric Company, a success 
due in lar"e ])art to his appreciation of 
the pott'iitial value of pure research in 
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invention and industry, to his judj?ment 
of men and to his f^ene rosily in dealing 
with them 

Dr. Whitney’s birthplace was James- 
town, New York, in 1868. He was 
graduated from the Massachusetts In- 
stitute of Teehnoloj^y in 1890 with tlie 
de<i:ree of and reeeiv(*d the deg:ree 
of Ph.D. from the University of Leip- 
zig in 1896. From 1890 to 1904 he was 
engaged in educational w'ork, .serving as 
an invi'stigator and a teacher in the 
department of chemistry of the Mas.sa- 
chusetts Institute of Technology, wdiere 
he ailvaneed by regular steps from as- 


sistant instructor to assistant professor 
and now holds the position of non-resi- 
dent professor of theoretical chemistry 
in that institution. Ilis present posi- 
tion is that of director of the Research 
Laboratory of the General Electric 
Company, at Schenectady, New" York. 
He received the honorary d(*gree of 
Se 1). from Union University and that 
of Cli D. from the University of Pitts- 
burgh In 1916 Dr. Whitney was 
awarded the Willard Gibbs Medal by 
the American Clunnical KSoeiety; in 
1920 the Chandler Medal by (’olumbia 
University, and in 1921 the Perkin 
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Medal by tlie American Heetion of the 
Society of nieinieal Industry. 

Dr. Wliitney is a member of many 
societies, amonji^ them beinj; tlie Na- 
tional Academy of Sciences, the Ameri- 
can (.^lemical Society, of ^^hieh lie was 
president in 1910, the AnuTican Elee- 
trocliemieal Society, the American In- 
stitute of i\linin<}: and ^Aletallur^dcal 
Eni^ineers, the American Institute of 
Electrical Enjrineers and others. lie is 
a fellow of the American Academy of 
Arts and Sciences. He holds many im- 
portant positions, amonp: wliich are: 
Member of the United States Naval 


Consultin*' F^oard since 1915, was a 
member of the Advisory Committee of 
the T nited Slates Bureau of Standards, 
and is a member of the National Re- 
search Council. 

At the Medal Day exercises of the 
Franklin Institute fifteen nu'dals which 
had been awarded durinj? the institute 
yi*ar were presented to their recipients 
or representatives of them. The med- 
al i.sts were drawn from four foreign 
countries as well as from the United 
States, two eoming from England and 
one each from Canada, Japan and 
Cermany. 
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THE PASADENA MEETING OF THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE, JUNE 15 - 20 , 1931 


California offers a most ai)[)ro])rjate 
settinjif for tlie first of a new sin-ies of 
siimim»r m(*etiTip:s to be held by the 
Aineriean Association for the Advanei*- 
meiit of Science, for of all our forty- 
eififbt states it offers tin* b(‘st field for ri*- 
search work in (wery branch of scicMiee 

The clear skies and (h*pendable 
^^eathor of many sections of the state 
are especially" favorable for invest ipfa- 
tions in astronomy and astrophysics, 
while the mild and (Mpiablo tempera- 
tures are ideally suit(‘(l to all ty"])es of 
laboi'atory^ ^^ork — in pliy-sics, in clamiis- 
try- and in biolojr.v. 

The fauna and flora of tin* state an* 
of astonishing: richness, and thanks to 
the {jfreat mountains are wonderfully 
diversified Not only are characderistie 
Am(‘rican animals and plants well rep* 
resented, but many" Asiatic tyfies may 
hen* be studied in the hijrher altitudes 
To the student of marine life the Pacific 
coast oftVrs a wealth of material a sur- 
prisingly lar^e jiart of which is no- 
where (*lse available. 

()j)portuniti(‘s for work are one thinjr, 
but vision enablinji; one to set* thosi* 
opportunities and ability" to make use of 
them is quite another tiling Vision 
and resourcefulness have been liappily" 
combined with (Uiterprise in makiiifJT use 
of tin* unusual advantaji:es to be found 
in California 

The vi^uirous and healthy- j>:rowdh of 
tin* scientific sjnrit in the West has been 
due in no small m(‘asure to the emanci- 
pation from that conservatism and con- 
ventionalism whicJi until rather re- 
cently fettered our educational and 
scientific institutions in the East. But 
wfiiile casting off the fetters of extreme 
conservatism, the early- setth»rs in Cali- 
fornia at the same time broufj:ht wdtli 
them the seeds of the essentials of cul- 
tural development, w-hich were planted 
in fertile virgin soil. 


This was made possible by- the rapid 
and complete eclipse of the Spanish in- 
fluence whi<*h w-as iu*ver very- strong — 
before the invasion of the vijrorous new" 
blood cominjr from the East 

It may- be recall(*d that I In* history- of 
modern California b<‘<;an in March, 
1848, when the territory- was ceded to 
the Uniti‘d States by Mexico. The 
acipusition of California was itself to a 
certain extent the outcome of sci<*ntific 
exploriiifi: expeditions headed by" Gen- 
eral John Charles Fremont the “Path- 
finder'’ — and carried r>ut in 1842, 
184:4- ’44, 1843 and 1840- '47. 

In the Constitutional Convention 
held in 1840, California incorporated 
into her fundaimmtal law- recognition of 
and provision for a state university". 

On January 12, 1777, two Franciscan 
padres, de la Pena and Murjruia, had 
planted the mission cross at Santa 
Clara, and in 1851 Santa Clara Collej^e 
was established to save tin* mission, and 
also to start a eolle”:e to meid the ^row"- 
in<i: needs of tlu* tim(‘s. This institution 
was chartered as a univ(*rsity" on April 
28, 1835. 

The Colleji:e of the IVicific W'as estab- 
lishetl at Stockton in 1851, Mills ('ol- 
Icf^e was founded at Oakland in 1852, 
(’ontra ('osta Academy" (later ('oll(‘ire 
School) was founded at Oakland in 
185:4, and in 1855 St. Ignatius ('()lle{.»:e 
was established in San Francisco 

The T^niveisity of California was 
established in 18(>8 as a r(‘sult of three 
separate movements — one orij^inalinji: in 
state action, one in federal action, and 
one in private initiative. 

Following: the recog:nition of tlie de- 
sirability^ of a state university" by’' the 
Constitutional Convention in 1849 there 
had been constant public ajritation for 
making: effective provision for such an 
institution. Federal action beg:an in 
1853 when ('oni^ress grave the state 
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46,000 acres of land for a ‘‘seminary of 
learning/^ 

Private action owed its inception to 
the foresight of the Rev. Henry Durant. 
In 1853, under the auspices of the Pres- 
bytery of San Francisco and of the 
Congregational Association of Oakland, 
Mr. Durant opened in Oakland tlie Con- 
tra ('osta Academy, but soon clianged 
the name to College School in order to 
signify that llie undertaking was only 
preparatory to a projected college. In 
1855 such an institution was incorpo- 
rated und(*r the name of the College of 
California. 

The instruction A^as given in build- 
ings in Oakland, but in 1856 a tract of 
land five miles to the north uas secured, 
and the college buildings were begun. 
In 1860 the college was opened. 

In 1862 a further impulse was given 
the mo vein cut for a state university by 
the passage by (Congress of th(' Morrill 
act for the establishment of an agricul- 
tural, mining and mechanical arts 
college. 

In 1867 the thn^c separate forces be- 
gan working together to one (‘iid^ — tlie 
establishment of a University of Cali- 
fornia. The private enterprise known 
as the College of California contributed 
its buildings and four blocks of land in 
Oakland, together with its 160 acres of 
land in Berkeley; the federal govern- 
ment tlie Congressional gift of 150,000 
acres of public lands; and the state its 
property accumulaled for the purpose, 
togetlier with new h'gislative appro- 
priations. The legislative act cr(*ating 
the University of California was signed 
by the governor on March 23, 1868, and 
the noAv institution opened its doors for 
instruction in September, 1869. 

The University of Southern Califor- 
nia was founded at Ijos Angeles in 
1880. 

In March, 1S81, the l(‘gislature of 
California created the Los Angeles 
State Normal School. Five acres of 
ground were donated at the corner of 


Fifth Street and Grand Avenue — the 
present site of the Los Angeles City 
Library— and the corner-stone of the 
first building was laid on December 17 
of that year. Instruction began in 
August, 1882. 

Through legislative action made 
effective by the governor\s signature on 
July 24, 1919, the grounds, buildings 
and records of the Ijos Angeles State 
Normal School were transferr(*d to the 
regents of the University of California, 
ami the name of the school was changed 
to Southern Branch of the University 
of California. On February 1, 1927, 
the name of the institution ^\as changed 
to University of California at Los 
Angeles. The removal to the pn‘sent 
site from North Vermont Avenue took 
place in August, 19211, and insi ruction 
in all departments began in the new 
buildings on September 23, 1929. 

Leland Stanford dimior University, 
given by Ijc'land Stanford and his wife, 
Jane Lathrop Stanford, in memory of 
their son, Ijeland Stanford, Junioi*, was 
established under an net of the (hilifor- 
iiia legislature a|)prov(*(l on March 9, 
1885 The corner-stone of the iiukt 
quadrangh* ^^as laul on May 14, 1887, 
and the university was opened to stu- 
dents on October 1, 1891. In connec- 
tion with the school of biological 
sciences of tliis university there is main- 
tained one of the finest marine labora- 
tories in the world, tlie Hopkins Marino 
Station, situat(‘d on Cabrillo Point at 
Pacific Grove on Monterey Bay. The 
first unit of this laboratory, tlie Alex- 
ander Agassiz Laboratory, was built in 
1917, and the second unit, the Jacques 
Loeb Laboratory, was completed in 
July, 1928. There is also maintained a 
Food Research Laboratory, which was 
organized in 1921. 

The Ijiek Observatory, connected with 
the University of California, was 
erected in 1887 on Mt. Hamilton at a 
height of 1,283 meters above sea level. 
In the same year Pomona College at 
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Claremont and Oeeidental College at Los 
Aiif^eles were established. 

The California Institute of Teelinol- 
ogy was founded at Pasadena in 1891 
as a eollej^e, a »:raduate sehool and an 
institute for research in science, (‘ugi- 
neerinj,^ and the humanities. At the 
present time this institute includes the 
Norman Bridge Laboratory of Physics, 
the gift of the late Dr. Norman Bridge, 
of (ducago; the High Potential lie- 
search Laboratory, provided by tin* 
Southern CaJirornia Edison Company, 
the Cates Chemical Laboratory, the gift 
of C. AV. and P. G. Gat(‘s; the Res(‘arch 
Laboratory of App]i(‘d Chemistry, the 
Laboratory of Steam Engineering and 
Engineering Research, the funds for 
which were provid(*d in part by Dr. 
Norman Bridge; tlie Daniel Guggen- 
heim Aeronautical Laboratory, for 
\\Jiich the Daniel Gugg(*nlieim Fund 
provided funds for tin* construction oi* 
ihi) laboratory and for its operation for 
a period of leu years; the S(*ismologieal 
liesearch Laboratory, operated jointly 
by the (^ilifornia Institute and the Car- 
negie Institution of Washington; Dab- 
ney Hall of the Humaniti(*s, the gift of 
Mr. and Mrs. Joseph B, Dabney; and 
the William B. KerekholT Laboratori(*s 
of the Biological Sciences. Besides 
thes(», there is Tliroop Hall, the central 
building on the campus, wliich was tin* 
first building of the present group and 
was tlie gift of a largo number of don- 
ors; Culbertson Hall, a beautiful audi- 
torium seating 500 persons, and a 
marine station at Corono del Mar, near 
Laguna Beach For w'ork in plant 
genetics there is a ten acre farm at 
Arcadia, about five miles from the 
institute. 

In addition, there is tlu» Atheneaum, 
an autonomous club, the object of which 
is to provide a place and oiiportunity for 
contacts betWH^en the distinguished 
foreign scientists and men of letters tem- 
porarily in residence from time to time 
at the California Institute, the Mt. Wil- 


son ()bser\atory and the IIenr.y E. 
Huntington Library and Art Gallery, 
tli(» staffs and graduate students of those 
institutions, and th(» patrons and friends 
of seience and education in southern 
California making up the California In- 
stitute associates. 

AVhiGier College, at AVhi<li(*r, was 
established in 1901. 

Th(‘ Mt AVilson Observatory, situ- 
at(‘d on Ml. AVilson near Pasadena, at 
an altitude of 1,742 met(‘rs, was founded 
in UK) I as an offshoot of the Yerkes 
Observatory. It is one of the units of 
the Carnegie Institution of AV^asiiington. 

The University of Redlands was es- 
tablished at R(‘(llands in 1907. 

The Scripps Institution of Oceanog- 
raphy was founded in 1912 through the 
generosity ot Miss Elhui Scripjis and 
others. It is situated at La Jolla. It 
was originally the Scripps Institution 
for Biological R(*searcli, the name hav- 
ing been chang(‘d in OctobiT, 1925. 
This institution is a part of the Univer- 
sity of California 

Besides th(*se institutions for study 
and research, (’alifornia has many 
others oI a more sp(*cial nature. Esp(»- 
cially notiwvorthy are lier museums. 
The local scientific organizations are 
numerous and active* Some are local, 
Avhile oth(*rs are western sections or 
branches of organizations which are 
national in scojx* The scientific estab- 
lishm(*nts maintained by the* state must 
not pass unnoticed. It may be men- 
tioned that California w^as the first state 
to piutect itself by legislation and 
(|uarantine against the introduction of 
insect pests. In 1881 quarantine laws 
were jiassed which w^re* not only sound, 
but also were novel in their character. 
Few^ stat(‘s to-day have as fine a group 
of distinguished workers in economic 
entomology as are to be found in the 
California Department of Agriculture. 

From this bri(‘f survey of the growth 
of the educational and scientific institu- 
tions in California it is evident that the 
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state lias been as fortunate in its cul- 
tural (levelopiuont as it is in its natural 
Hclvantapres. 

South of California lies Mexieo, a 
country Avhich is all too little known to 
most of our fellow citizens. How many 
people* realize tliat the Thiiversity of 
Mexico was founded in 1554, eiglity-two 
y(*ars before the establishment of Har- 
vard ? 

One of the features of the Pasadena 
meetiiif^ will be the cooperation of Ihe 
scientific men of our prreat neij^fhbor to 
the south. Tin* undersecretary of na- 
tional education, Senor Don Moises 
Saenz, will sp(*ak on the Mexican educa- 
tional ])rot^ram, and Dr Manuel Gainio, 
well known for his work on the ancient 
temples of San Juan Teotihuacan, has 
been invited to discuss recent archeo- 
loj^ieal work in Mexico. 

Another special feature of the pro- 
gfram will be a session in honor of Dr. 
David Starr Jordan, president emeritus 
of Leland Stanford Junior University, 
a most able hiolojrist, an unusually in- 
spirinji: teacher, and a constructive 
administrator, who has recently cele- 
brated his ei<»‘htieth birthday. 

unusually large and interesting 
seri(*s of special symposia and lectures 
under the leadership of outstanding 
authorities have been arranged in many 
different lines of science. The titles of 
some of these are: major problems in 
modern oceanograjihic research; the an- 
tiquity of man ; high voltage x-ray tubes 
and their medical and biological possi- 
bilities; the physics of crystals; the 
present status of the problem of nuclear 
structure; the production of high en- 
ergy electrical particles; photosynthe- 
sis; photochemistry and band spectra; 
reaction mechanisms and chemical 
kinetics; quantum mechanics of the 
chemical bond; the internal structure 
of stars ; earthquake-proof structures ; 
seismological problems ; the Colorado 
River dam and aqueduct; ecological 


problems of the Pacific coast ; and prob- 
lems in genetics. 

A popular lecture will be given each 
evening at 8; 30 in the Greek Theater in 
Griffith Park, Los Ang(»les. On Mon- 
day, June 15, Dr. Franz Boas, president 
of the association, professor of anthro- 
pology at Columbia, and dean of Ameri- 
can anthropologists, will speak on 
“Race and Progress.^’ On Tuesday 
Dr. H. D. Arnold, director of research. 
Bell Telephone Laboratories, New York, 
will give an experimental lecture en- 
titled “Science Listens. “ On Wednes- 
day Dr. Arthur L. Day, director of the 
Geophysical Laboratory of the Carnegie 
Institution of Washington, wull speak 
on “The Present Status of Seismology.’’ 
On Thursday Dr. Charles A. Beard, 
author of “The Rise of American Civ- 
ilization,” “American Party Battles,” 
etc., wdll speak on “Scientists and His- 
tory.” On Friday there will be held a 
symposium on “The Impact of Science 
upon Civilization, Past, Pr(*sent, and 
Future” conducted by a historian, an 
(‘conomist and a scientist. 

Scientific exhibits wdll be an impor- 
tant feature of this meeting, and a 
series of excursions will provide an op- 
portunity for visiting nearby places of 
special interest under the leadership of 
competent guides. 

As usual, practically all fields of 
sci(»nce will be represented in the ses- 
sions of the sections and of their related 
societies. There will be many joint ses- 
sions of two or more organizations, and 
many symposia of invited papers on 
timely topics. A great many sessions 
will be devoted to the reading of techni- 
cal contributions. 

With Ihe exceptionally interesting 
program which has been arranged, and 
taking place in the inspiring physical 
and cultural environment of southern 
California, the Pasadena meeting can 
not fail to be one of the most successful 
meetings of the association. 

Austin H. Clark 



INDEX 

NAME8 or C0NTK1IUIT0R8 ARE PRINTED IN SMALL CAPITALS 


Adams, J. M., Ho>(inmnR of a Suom flake, 370 
Amoriean AMHoeuition for the* Advaneernent of 
Scienco, (Cleveland Meeting, 83, A. II. C*i^ahk, 
182; S<‘ieiice Exhibition, F. C. Erown, 383; 
Prize, 187; Franz Boas, President of the 
Association, 279; Work of JIuiton E. Ijiv- 
ingston as Pennaiieiit Secretary, S. F. The- 
LEASE, 281 ; Pasadena Meeting, 5(>fl 
Anemia llesenrch Award, 373 
Atlas Mountains of Morocco, A. Lawson, 97 

Automobile, Hazard of the, J. A. Touey, 519 
Ayres, Leonard P., l^irtrait, 92 

Baas-Beckino, L. (1. M., Salt and Salt-Manu- 
facture, 434 

Bastin, Edson S., l*ortrait, 89 
Bell, E. 11 , A Magic Formula, 102 
Bell, E. T., Mathematics and Speculation, 393 
Beniamin, C. H., Word Painting, 355 
Borimula Biological Station for Itesearch, New, 
PI. G. (’ON KLIN, 481 

Birth-rate of Foreign Born, .1. J. Spenglfk, 54 
Bliss, O. A., Portrait, 88 

Boas, Franz, Portrait, 278 ; President American 
Association, 279 
Boring, Edwin 0., Poi trait, 90 
Bowie, W., The Piarth as an Engineering Stiuc 
ture, 457 

Brown, P\ (’ , Science Exhibition, American 
Association at (Heveland, 185 
Butterfly Migrations, A. II. (’l\kk, 150 

Clark, A. II, Butterfly Migrations, 150, Oleve- 
land Meeting of American Association, 182; 
Selling lOntomology, 527 
Ooffey, Walter ('J., Portrait, 91 
Cold Preventi\o Work at Cornell University, 
D. P\ Smiley and G. P\ Maugham, 235 
Cole, F.-C , Pace Prolilenis, 80 
Compton, K T., Adventures with Pileclricity in 
a Partial Vacuum, 09 
Cooper, J. M., The American Tiidiau, 401 
Curanderos in Oaxaca, Mexico, E. C. Pak.sons, 
GO 

Davis, W., Industrial Bcvolutions, 76 
Davisson, C. J., Sir (Jhandrasekhara Venkata 
liaman, Nobel Laureate, 285 
Diets, (Quantitative, in Obesity ami Diabetes, 
11. Gray and J. M. Stewart, 40 
Distance, The Bomanco of, O. .1. Lee, 385 
Dudycha, G. j.. Ideas of Origin among the 
Ancient Egyptians and Babylonians, 263 

Earth, Depths of, K. P’’. Mather, 105; Ago of, 
A. F. Kovarik, 309, A. (\ Lane, 302; as an 
Engineering Structure, W. Bowie, 457 
Earthquakes, N. H. IIeck, 305 
East, E. M., View-jioint of a Geneticist, 301 
Eaton, H. N., Hydraulic Researeli at the Bu- 
reau of Standards, 403 

Kgg, Development of the, G. L. Streeter, 495 


Plinstein, Professor, at Pasadena, 284, 285 
Pllectric (hirrcnts in Earth ^s Oust, O. TI. GiSH, 5 
Electricity in a Partial Vacuum, K. T. Comp- 
M’ON, 09 

Plntoniology, Sidling, A. FT. (’l\riv, 527 
Executive (’ommittee, American Association, 
Portraits, 184 

PNistence, Struggle for, G. J. Peiruk, 37 

P’aust, E. C , Animal Parasites, 228 
P^ENN, W. O, Study of Sprinters, 340 
Fischer, Hans, Poitrait, 190 
P’ood and Drug Administration, T S Harding, 
522 

P’oRi), W. W, Leprosy in the U. S, 513 
PVaiiklin Institute, Medal Awmrds, 500 
Futiiie of Man, A. V. Kidder, 289 

tlaseous PN])losi\e Reaction, F. W. Stevens, 556 
(ieiudicist, View point of, PJ. M. J0A.ST, 301 
(u*rms, Whul Made of, W. (\ White, 169 
Gibbs,.! Willard, Poi trait, 210 ; Remiiiiseenccs 
of, E. B WiL.sos, 211 

Gish, () II, Curients in the Phuth’s Crust, 5 
(Jra\, H , and .!. M. Stewart, (Quantitative 
Diets in Obesity and Diabetes, 40 
Gudgi r, E. W., Spider Hunters, 422; and W* 
II IlOPPMANN, i’he Whale Shark off llavaiUl 
Harbor, 33 

Gnthe, (’arl JO, I'ortrait, 89 
Gypsum Cum* in Nevada, C. Stock, 22 

Hall, A. W., How^ V S. Money is Made, 542 
Harding, T. S , Tlie P’ood and Drug Adininia- 
tiation, .522 4 

Harper, F, A Dweller in the Piney Woods, 17"*, 
Harvey, PI. N , (’old Light, 270 
Heath Hen, Last, 382 
JDck, N. JL, Plarthqnakes, 305 
Hfllwkg, F, 'riie Nation ^8 Time, 539 
Hendrick, lOllvvood, Portrait, 381 
Hkrtzler, ,J. G., Youth and Research, 250 
Hooker, Memorial, F. W Glivkr, 470; Sir Wil- 
liam .lackson, Portrait, 470; Sir Joseph Dal- 
ton, Portrait, 471 

Hough W., The Indians of the District of 
(Aduuibia, 537 

Huggins, M li.. Solid Matter, 140 
Hitluurt, E. O., Radio and the Atmos]diere, 73 
Huntington, P’. V., What is New in Mathe- 
matics?, 319 

Hydraulic Research at the Bureau of Stand- 
ards, H. N. P^TON, 403 

Imagination, Creative, P. i-. Squires, 447 
Indian, American, .T, M. Cooper, 401; Miscon- 
ceptions about, M. W. Stirling, 172 
Iiiduins of the I>istrict of Columbia, W. Hough, 
537 

Tiidustriol Revolutions, W. DAVI8, 70 
Insects, In Defense of, P\ E. Lutz, 307 
Jewett, P’rank B , Portrait, 90 
75 



576 


THE SCIENTIFIC MONTHLY 


»ER, A. V., Future of Man, ‘289 
Leonard V., Portrait, 91 
tiK, A. P., Age of the Karth, 309 
dk, Alois F., Portrait, 377 
K. J., Portrait, 89 

IsUdo at Point Firiiiiii, C’aliformu, W. J. 
Miller, 464 

Landsteiiier, Karl, Award of Nobel Prize in 
Medicine, H. Zinsser, 93, Portrait, 94 
Lane, A. 0., The Age of the Earth, 362 
Lawson, A. C., The Atlas Mountains, 97 
Lee, O, J., The Koinance of Disianeo, 385 
Leprosy in the United States, W W. Ford, 513 
Levene, P. a., Nobel Prize in Medicine, 191 
Lev one, Phoebus A., Portrait, 474 
Ligl t, Cold, E. N. Harvey, 270 
Live stock Industry, J. P. Moiilkr, 507 
Liv igston. Burton E., Work as EVrmaiiont See- 
rtcary of American Association, S. F. Tre* 
LEJ4SE, 281; Portrait, 282 
LOT'/, F. E , In Defense of Insects, 367 

MeJ 'LEY, E. B., Filterable Vinises, 398 
Mag Formula, E. H. Bell, 162 
Map 'opographic Base of, J. (i. Staack, 135 
Mat! tatics, and Speculation, K. T. Bell, 193 ; 

W t is New inf, E. V. Huntington, 319 
Mat h, K. P., Depths of the Earth, 165 
Mre "1 E*K., Photography, 407 
Mogi /William F., Portrait, 476 

MofjFi. A^ifforencos, A. 1), W'ekks, 156 
/Micly Albert Abraham, INirtrait, 566 
^MiLif W. J., Landslide at I\>int Firmin, Cali- 
fof 464 

Miill; Itobert Andrews, Portrait, 86 
Mino^ jfeorge B., Portrait, 376 
Moil^ J. B., The Live-stock Industry, 507 
. <c, D. W., Portrait, 88 
Morgflji, Thomas Hunt, Portrait, 84 
; ' 

Naturii^Hts, American Society of. Symposium, 
289-408 

NieIx«en, j. B., Modem Physical Science, 546 
Nobel, Prize in Medicine, Hans Zinsser, 93; 
Laureate, in Physics, Sir Chandrasekhara 
Venkata Bainan, C. •!. DavissOaV, 285 j 
Norris, James P., Portrait, 88 

. I 

Oerst' d, International Magnetic Unit„/379 ^ n 
Ogbt W. F., View-point of a S^ciplogi^ 294 
Olive F. W., Hooker Memorial, 470 
Origii Ideas of, among the Ancient Egyptian^ 
and Babylonians, G. J. Dudyuha, 263 
Over>\ ^ht, National, A. E. Taylor, 393 


Palms of Continental U. S., J. K. Small, 240 
Parasit-»s, Animal, E. C. Faust, 228 
Paebo . E. C., (Mrandcros in Oaxaca, Mexico, 
60 

Peirci T. j., Struggle for Existence, 37 
Photo* phy, C. E. K. Meks, 407 
Physic.* Science, Modern, J. R. Nielsen, 546 
Plant Hunting in Madagascar, C. F. Swingle, 
322 f 



Quantum Mechanics, 477 


4 


Race Problems, F,-C. CoLE, 80 
Radio and the Atmosphere, E. O. IIulbubt, 73 
Raman, Sir Chandrasekhara Venkata, Nobel 
Laureate in Physics, C. .7. Davisson, 285; 
Portrait, 286 

Research Spirit and Modern Youth, J. O. Hertz- 
ler, 256 

Rhenium Atom, 475 

RiriiTMYE^R, B\ K., X-Rays and Their Uses, 454 
Richtmyer, F. K., Portrait, 88 
Riley, Win. A., Portrait, 89 

Salt and Salt Manufacture, L. G. M. Baas- 
Bkcking, 434 

Science Service Radio Talks, 69-82; 105-175; 

270-277, 362-369; 454-463; 537-545 
Small, J. K., Palms of Continental U. S., 240 
Smiley, D. P., and G. F. Maugham, Cold Pre- 
ventive Work at Cornell University, 235 
Suowdnke, Beginning of a, .T. M. Adams, 370 
Social Research, New School for, 479 
Sociologist, View-point of a, W. F. Ogburn, 294 
Solid Matter, M. L. IlUOQiNS, 140 
SuKNGLKR, J. J., Birth-rate of Foreign Born, 54 
Spider Hunters, E. W. GUDOER, 422 
Sprinters, Study of, W. O. Fenn, 346 
Squires, P. U., The Creative Imagination, 447 
Staack, J. G., Topographic Base Map of the 
United Slates, 135 
Stein, J. B , Van Leeuwenhoek, 116 
Stevens, F. W., Gaseous Explosive Reaction, 
556 

Stetson, H. T., Sun spots and Radio, 273 
Stirling, M. W., The American Indian, 172 
StO(’K, (’, Gypsum Cave in Nevada, 22 
Streeter, (1. L., Development of the Egg, 495 
Sun-spots and Radio, H. T. Stetson, 273 
Swingle, C. F., Plant Hunting in Madagascar, 
322 


Taylor, A. E., The National Overweight, 393 
Time, The Nation ^s, F. Hellweq, 539 
Tobey, j. a., Hazard of the Automobile, 619 
'J’rklease, S. F., Work of Dr. Burton E. Liv- 
irigstou as Permanent Secretary of the Amer- 
ican Association, 281 

United States Money, A. W. Hall, 542 

Van I^euwonhock, on the Trail of, J. B. Stein, 
^16; Portrait, 116 

Viruses, Filterable, E. B. McKinley, 398 

Weeks, A. D., Mental Differences, 156 
Whale Shark off Havana Harbor, E. W. Gudger 
and W. H. lIorrMANN, 33 
Whipple, George H., Portrait, 376 
White, W. C., What Germs are Made of, 169 
WiiiSON, E. B., Reminiscences of Gibbs, 211 
Wilson, Louis B., Portrait, 92 
Woods, Piney, Dweller in, P. Harper, 176 
Word Painting, C. H. Benjamin, 366 

X-Rays and Their Uses, F. K. Richtmyer, 454 

Zinsser, H., Award of Nobel Prize in Medi- 
cine to Dr. Karl Landsteiner, 93 






Dfttoof lai^. 



/ 








«• •«••«•««! • • • » 



• • • • • # # 4 4 • • f • •# ••■ 














t 


!>«»• of fawn*. 



